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The Mazx Planck Research Library for the History and Development of Knowledge
comprises three subseries, Studies, Proceedings, and Sources. They present re-
search results and the relevant sources in a new format, combining the advantages
of traditional publications and the digital medium. The volumes are available
both as printed books and as online open access publications. They present origi-
nal scientific work submitted under the scholarly responsibility of members of the
Scientific Board and their academic peers.

The volumes of the three subseries and their electronic counterparts are di-
rected at scholars and students of various disciplines, as well as at a broader public
interested in how science shapes our world. They provide rapid access to knowl-
edge at low cost. Moreover, by combining print with digital publication, the three
series offer a new way of publishing research in flux and of studying historical top-
ics or current issues in relation to primary materials that are otherwise not easily
available.

The initiative is supported, for the time being, by research departments of
three Max Planck Institutes, the MPI for the History of Science, the Fritz Haber
Institute of the MPG, and the MPI for Gravitational Physics (Albert Einstein
Institute). This is in line with the Berlin Declaration on Open Access to Knowledge
in the Sciences and Humanities, launched by the Max Planck Society in 2003.

Each volume of the Studies series is dedicated to a key subject in the his-
tory and development of knowledge, bringing together perspectives from different
fields and combining source-based empirical research with theoretically guided ap-
proaches. The studies are typically working group volumes presenting integrative
approaches to problems ranging from the globalization of knowledge to the nature
of spatial thinking.

Each volume of the Proceedings series presents the results of a scientific meet-
ing on current issues and supports, at the same time, further cooperation on these
issues by offering an electronic platform with further resources and the possibility
for comments and interactions.

Each volume of the Sources series typically presents a primary source — rel-
evant for the history and development of knowledge — in facsimile, transcription,
or translation. The original sources are complemented by an introduction and by
commentaries reflecting original scholarly work. The sources reproduced in this
series may be rare books, manuscripts, documents or data that are not readily
accessible in libraries and archives.

On the basis of scholarly expertise the publication of the three series brings
together traditional books produced by print-on-demand techniques with modern
information technology. Based on and extending the functionalities of the existing
open access repository European Cultural Heritage Online (ECHO), this initiative
aims at a model for an unprecedented, Web-based scientific working environment
integrating access to information with interactive features.
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Preface
Jurgen Renn

This volume presents results of an interdisciplinary research project on the glob-
alization of knowledge. The project is centered at the Max Planck Institute for
the History of Science. It was launched in 2007 at the 97¢" Dahlem Workshop on
Globalization of Knowledge and its Consequences, a Dahlem Conference hosted by
the Free University Berlin and supported by the Deutsche Forschungsgemeinschaft
(DFG). The Dahlem Conferences, with their unique mode of scholarly interaction,
have played a key role in fostering an interdisciplinary cooperation that covers a
vast array of disciplines, cultures and historical periods. I am grateful to Katha-
rina Ochse, as well as to my colleagues from the Advisory Board of the Dahlem
Conferences, for initiating us into the procedures of this workshop model. The nu-
merous documents, papers, commentaries, reviews and discussion statements that
have been produced in the process have all turned out to be essential in producing
this volume.

The project is part of the research program of a historical epistemology whose
aim is to contribute also to the reflexivity of present science and its institutions. It
pursues a comparative history of knowledge in which present processes of global-
ization are conceived as the outcome of historical developments and their interac-
tions. The four research foci of the project have been chosen such that theoretical
claims can be validated with reference to outstanding historical phases in which
knowledge production, transmission and transformation were critical for advancing
processes of intercultural exchange. The theoretical framework developed in the
course of the project comprises a core set of concepts which should be extended
and revised in the course of further research.

The scholarly network, established in 2007, has since been significantly ex-
panded. The participating scholars have collaborated in a variety of meetings and
exchanges dedicated to the production of this working group volume. In addition
to the papers originally submitted at the Dahlem Conference, a number of invited
contributions have been integrated. All contributions have been peer-reviewed and
also partly revised by members of an internal board, which met on several occa-
sions to discuss the overall results of the cooperation and their presentation in the
introductory survey chapters to each of the four parts of this volume. The internal
board comprised Peter Damerow, Kostas Gavroglu, Malcolm D. Hyman, Dagmar
Schéfer, Matthias Schemmel and Milena Wazeck. Furthermore, Jens Braarvig,
Eva Cancik-Kirschbaum, Yehuda Elkana, Fynn Ole Engler, J. Cale Johnson, Dan
Potts, Milena Wazeck and Helge Wendt made quite substantial contributions or
even drafted texts that are now integrated into the survey chapters. These chapters
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introduce each of the four parts of this volume which correspond to the research
foci of the project.

We are grateful to all those who participated in the Dahlem Conference, and
in particular, to the moderators and the rapporteurs for their lively discussions and
manifold contributions to this volume. In the long process of revising and supple-
menting the original papers, the emerging volume was read and commented upon
by several colleagues who made contributions that were also incorporated mostly
into the survey chapters. We are grateful to Amund Bjgrsngs, Hansjorg Dilger,
Gideon Freudenthal, Giinther Gortz, Albert Presas a Puig, Martin Thiering, Gerd
G. Wagner and Dirk Wintergriin for providing such contributions. In the attempt
to connect the themes touched upon in this volume with the vast secondary liter-
ature available on them, we received and are grateful for the suggestions of Henry
Junowicz, Horst Kant, Dietmar Kurapkat, Stephen Levinson, Veronika Lipphardt,
Irad Malkin, Peter McLaughlin, Stefan Trzeciok and Han Vermeulen. For their
help in the editorial process, we would also like to thank Heidi Allene Henrickson,
Oona Leganovic, Barbara Lenk, Susan Richter, Rafaela Teixeira Zorzanelli and
especially Marius Schneider. We would also like to acknowledge the close cooper-
ation with the Excellence Cluster TOPOI — The Formation and Transformation
of Space and Knowledge in Ancient Civilizations.

The preparation of the introductory survey chapters was originally in the
hands of the editor and Malcolm D. Hyman. Unfortunately, Malcolm died sud-
denly in September 2009, just after the first survey had been completed. Malcolm,
a historian of science, linguist, classical philologist, Sanskrit scholar and informa-
tion scientist, was one of the driving forces behind this research project. On his
own initiative, he extended the project to launch a history of multilingualism which
is now being pursued at the Max Planck Institute for the History of Science. Mal-
colm’s ideas are omnipresent in this volume. He was an outstanding scholar and
a warm and gentle human being, a unique mind whose loss is irreplaceable.

Up until he sadly passed away in November 2011, the mathematician and
historian of science, Peter Damerow, the other driving force behind this project,
worked intensively on this book. Without his initiative and persistence, it would
not have come into being. He did not consider the history of science to be a
specialized discipline, but rather a research area that was part of his comprehensive
interest in the development of human cognition. In this sense, he was a pioneer
of an interdisciplinary conception of the history of science and of its extension
toward a history of knowledge, as is reflected in the subject matter of this book.
His early works on the emergence of writing and counting make clear that the
emergence of abstract concepts can be understood only if we take seriously the role
of those representations of knowledge that are given in concrete historical cases,
and the potential for actions and reflection they enable, as for instance, the specific
role played by cuneiform script tablets in the administration of Babylonia. This
insight enabled him to contribute to completely different fields, for instance, to
cultural anthropology and more generally to the study of non-European knowledge
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traditions. This book hopefully somewhat reflects the vision of a developmental
history of knowledge that Peter Damerow brought to the Max Planck Institute
when he joined it in 1994.

Apart from the contributions of Malcolm D. Hyman and Peter Damerow, it
was above all the editorial work of Lindy Divarci that made this work possible.
She was at the center of the network of communications with authors and referees,
implementing revisions, compiling the bibliography, adjusting formats, and ensur-
ing the coherence of the enterprise. The material forming the basis of this volume
was quite heterogeneous, originating in different disciplines each with their own
standards and from different linguistic backgrounds, with greater or lesser affin-
ity to academic English. Lindy’s competence and professionality in transforming
disparate contributions into chapters of a book are unsurpassed.

The volume should serve as an encouragement to all those who risk taking on
intellectual challenges that cannot be confined to disciplinary fields. It is not meant
to be a documentation of definitive results, let alone a comprehensive historical
survey, but rather presents research in flux. This book is an invitation to other
scholars to contribute to the ongoing work and discussions on the globalization of
knowledge in history.

Jirgen Renn, Berlin, 12 April 2012
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About the Contributions

Chapter 1. Globalization of Knowledge in History: An Introduction
sketches a general epistemological framework for studies of the globalization of
knowledge in history.

Chapter 2. Knowledge and Science in Current Discussions of Global-
ization reviews the role that knowledge and science play in recent literature on
globalization processes and their history.

PART 1

Chapter 3. Survey: From Technology Transfer to the Origins of Sci-
ence develops the general epistemological framework, focusing on the transfer of
technology in the ancient world and on the role of globalization processes for the
origins of science.

Chapter 4. Technological Transfer and Innovation in Ancient Eurasia
discusses interpretative models of and concrete archaeological evidence for tech-
nology transfer in ancient Eurasia and, in particular, Western influences in the
development of Chinese metallurgy.

Chapter 5. Writing, Language and Textuality: Conditions on the Trans-
mission of Knowledge in the Ancient Near East analyzes notational systems
in the Ancient Near East as Kulturtechnik, developing a general perspective on the
representation of knowledge by writing systems.

Chapter 6. The Origins of Writing and Arithmetic reviews the common
origins of writing and arithmetic in the administrative techniques of the Ancient
Near East.

Chapter 7. Globalization of Ancient Knowledge: From Babylonian
Observations to Scientific Regularities deals with the structure of scientific
knowledge in Mesopotamian culture, focusing on the astronomical diaries as the
foundation of Babylonian astronomy.

Chapter 8. The Creation of Second-Order Knowledge in Ancient Greek
Science as a Process in the Globalization of Knowledge argues that the
creation of Greek science involved the formation of second-order knowledge based
on stimulus diffusion related to the spread of practical knowledge from cultures
such as Egypt and Babylonia.
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PART 2

Chapter 9. Survey: Knowledge as a Fellow Traveler develops the general
epistemological framework, focusing on how knowledge was transmitted as a fellow
traveler during the spread of empires and religious systems.

Chapter 10. The Spread of Buddhism as Globalization of Knowledge
discusses how knowledge spread with Buddhism in Eurasia, focusing in particular
on the importance of literacy.

Chapter 11. The Transmission of Scientific Knowledge from Europe
to China in the Early Modern Period discusses the transmission of Euro-
pean scientific knowledge by Jesuit missionaries to late Ming, early Qing China,
interpreting this process as a partial integration of two systems of knowledge.

Chapter 12. Normative Islam and Global Scientific Knowledge discusses
the way in which normative Islam acted as a comprehensive worldview, shaping
the development of different types of knowledge.

Chapter 13. From Khwarazm to Cordoba. The Propagation of Non-
Religious Knowledge in the Islamic Empire discusses the transfer and trans-
formation of Greek knowledge via the multi-faceted culture of the Islamic Middle
Ages from antiquity to the Western Middle Ages.

Chapter 14. The Sciences in Europe: Transmitting Centers and the
Appropriating Peripheries focuses on the introduction of Newtonian ideas into
the Greek intellectual space of the Ottoman Empire in the eighteenth century.

Chapter 15. The Naturalization of Modern Science in South Asia: A
Historical Overview of the Processes of Domestication and Globaliza-
tion discusses the globalization of science in the context of the European colonial
expansion to India and on the encounter between modern science and South Asian
knowledge systems.

PART 3

Chapter 16. Survey: The Place of Local Knowledge in the Global Com-
munity deals with the role of local knowledge in a globalizing world, extending the
general epistemological framework to develop notions such as second-order local
knowledge.

Chapter 17. Taking China to the World, Taking the World to China:
Chen Hengzhe and an Early Globalizing Project represents a case study
dealing with the cultural project of a Chinese intellectual, Chen Hengze, who at
the beginning of the twentieth century became China’s first female professor of
Western history.
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Chapter 18. The Introduction of the European University System in
Brazil discusses the foundation of the first university in Brazil in the 1930s with
a particular focus on the controversial role of mathematics teaching between prac-
tical and theoretical traditions.

Chapter 19. Celestial Navigation and Technological Change on Moce
Island discusses the complex interaction between globalized technologies and local
knowledge of navigation in the Pacific.

Chapter 20. Translation of Central Banking to Developing Countries in
the Post-World War II Period: The Case of the Bank of Israel discusses
the transmission of central banking to peripheral countries after the Second World
War and the ways in which a globalized model was adapted to local circumstances.

Chapter 21. On Juridico-Political Foundations of Meta-Codes is based
on an ethnographic case study of the organizational and technical improvement of
waterworks in three cities in Tanzania, discussing knowledge practices of encoun-
ters and negotiations between international experts and local actors.

Chapter 22. The (Ir)Relevance of Local Knowledge: Circuits of Medicine
and Biopower in the Neoliberal Era is based on field work in rural and urban
Tanzania, exploring different aspects of the interconnection between HIV/ Aids
and social relationships in the context of globalization and modernity.

Chapter 23. The Transformations of Knowledge Through Cultural In-
teractions in Brazil: the Case of the Tupinikim and the Guarani discusses
school education in two ethnic communities in the state of Espirito Santo in Brazil,
exploring how abstract concepts such as symmetry can be related to local practices.

PART 4

Chapter 24. Survey: The Globalization of Modern Science reviews the
development of scientific knowledge and its globalization from the early modern
period to the present. It introduces in detail the notions of socio-epistemic complex
and socio-epistemic evolution, elaborating the general theoretical framework.

Chapter 25. The University of the 21st Century: An Aspect of Global-
ization develops a vision for the university of the twenty-first century, suggesting
an epistemological rethinking characterized as a transition from local universalism
to global contextualism.

Chapter 26. The Soviet Psychologists and the Path to International
Psychology discusses the development of a new kind of psychology in the 1920s
and 1930s by a group of Soviet researchers, characterized by taking into account
the cultural and material conditions in which people live. It claims that their ideas
formed the basis for a genuinely international psychology.
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Chapter 27. The Global Diffusion of Nuclear Technology reviews the
emergence and globalization of nuclear science and technology since World War
II. It discusses in particular the ensuing new role of scientists in international
politics, the emergence of the industrial military complex, the establishment of
the non-proliferation regime and the current challenges of the spread of nuclear
technology with intrinsically dual-use character.

Chapter 28. The Role of Open and Global Communication in Particle
Physics discusses the role of knowledge sharing and open communication in high-
energy physics. The community of particle physicists has played a pioneering role
in establishing open-access publishing and open-data sharing as future models for
scientific communication.

Chapter 29. Internationalism and the History of Molecular Biology
traces the changes in character of an unparalleled international cooperation, from
the state of self-organization to an increasing involvement of agencies and govern-
ments as well as the emergence of economic opportunities.

Chapter 30. The Role of Chemistry in the Global Energy Challenge
introduces some of the challenges of energy research, emphasizing the role of chem-
istry in dealing with non-fossil regenerative energy. It analyzes the energy chal-
lenge in terms of scenarios based on networks of technologies required to convert
and store energy.

Chapter 31. Climate Change as a Global Challenge — and its Impli-
cations for Knowledge Generation and Dissemination conceives climate
change as a global challenge, paralleled by the emergence of both global and local
structures in knowledge generation and dissemination. It stresses the need for
global governance and discusses the role of local action.

Chapter 32. Toward an Epistemic Web proposes the vision of an Epis-
temic Web, resulting from a optimization of the present Web for the purposes of
knowledge generation and communication. It discusses this vision as well as the
obstacles preventing its realization in a broader historical context.
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Chapter 1
The Globalization of Knowledge in History: An Introduction
Jirgen Renn and Malcolm D. Hyman

1.1 The Development of Knowledge as a Global Learning Process

Much of today’s knowledge, whether scientific, technological or cultural, is shared
globally. The extent to which globalized knowledge existed in the past remains
an open question and, moreover, a question that is important for understanding
present processes of globalization. Considering, for instance, the rapid spread of
the wheel throughout Eurasia in prehistory, the spread of Roman law to such
diverse areas as the Byzantine Empire and Ethiopia, and the global spread of
paradigmatic solutions in architecture such as the Gothic arch, one is led to con-
clude that a lively exchange existed between cultures in all periods of human
development.

In recent years, investigations of the migration of knowledge and comparative
historical studies have become active fields of research. With few exceptions,
however, the emphasis is placed mostly on local histories focusing on detailed
studies of political and cultural contexts and emphasizing the social construction
of science. While this emphasis has been extremely useful in overcoming the
traditional grand narratives and in highlighting the complexity of these processes
and their dependence on specific cultural, social or epistemic contexts, it has also
led to an underestimation of the extent to which the world has been connected, for
a very long time, by knowledge. The results deliver a rather fragmented picture
that tends to neglect the fact that knowledge transmission concerning, for instance,
agriculture, architecture, language, writing or calculating, may have been part of
long-term and indeed global processes since very early times and can only be
properly understood from a more comprehensive perspective.!

The central thesis of this book is that, just as there is only one history of life
on this planet, there is also only one history of knowledge. Of course, there have
been major losses of knowledge and innumerable new beginnings, and there may
be as many perspectives on knowledge as there are cultures, if not people who
have lived on this planet. But variety, contingency and catastrophic interruptions
are also familiar from the history of life. What counts is that both in the history

1This has been observed recently also by Sujit Sivasundaram (2010). For recent, more broadly

conceived approaches, see (Lloyd 2002; Huff 2003; Ash 2006; Harris 2006; McClellan and Dorn
2006; Costanza et al. 2007; Cohen 2010; Huff 2011; Schéfer 2012). For a general overview of
knowledge in non-Western cultures, see also (Selin 1997; Giinergun and Raina 2011).
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of life and of knowledge, there is a stream of historical continuity with cumulative
effects on a global scale, effects that are elusive to predominantly local studies and
that account for a highly fragmented, but nevertheless inexorable global learning
process, where “learning” is not understood as necessarily indicating progress, but
rather as referring to the developmental and evolutionary character of this process,
which will be discussed in the following.

1.2 The Role of Knowledge in Globalization Processes

1.2.1 Beyond Economic Globalization

Science in the twenty-first century represents globalized knowledge and benefits
from the creation and exploitation of new social and technological structures which
enable the global free flow of knowledge and expertise. It could also benefit, how-
ever, from a historical awareness of the ways in which techniques and technology
in the past have spread throughout the world. The present lack of this awareness
hinges on a structural deficit of research in this field due to disciplinary bound-
aries and fundamental epistemic limitations. This book aims at taking a first step
toward overcoming this deficit.

The much-discussed globalization process of the present refers mainly to the
economic processes of globalization of markets for goods, capital and labor,?
whereas the global diffusion of technical innovations and bodies of knowledge is
often considered as a mere presupposition or consequence of economic, political
and cultural processes.> But globalization involves knowledge in more significant
ways. Moreover, the globalization of knowledge in the sense of a global inter-
connectedness of human knowledge is not only a phenomenon of the present age.
Our situation today may rather be understood as the result of historical processes
that already comprise many dimensions characterizing modern globalization pro-
cesses, each with its own peculiar constellation of economic, political, technical
and cultural means of social cohesion.

Investigating the role of knowledge in these historical processes and referring
such an analysis to the present may present opportunities for regaining auton-
omy with regard to the economic dimension dominating our current perception
of globalization processes. An investigation of this kind may indeed explain the
sense in which the globalization of knowledge has become a critical dimension of
today’s globalization processes on which their future development depends. From
this perspective, they may turn either in the direction of subjecting the economy
of knowledge to the control of other globalization processes, or in the direction of
strengthening the autonomy of knowledge and thus its potential for steering such
processes.

2See, for example, (Ziegler 2008).
3For a survey of the current literature on globalization and the role of knowledge and science in
it, see chapter 2.
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Recent discussions about globalization processes emphasize two apparently
contradictory characteristics of such processes: homogenization and universaliza-
tion, on one hand, and their contribution to an ever more complex and uncon-
trollable world, on the other.* Indeed, the economic power of globally organized
transnational corporations increasingly translates into a standardization of mass
culture and universal tendencies of wasteful consumption of natural resources.
Contrastingly, due to the unequal distribution of wealth, among other factors,
the same pressures of homogenization provoke an increasingly diverse spectrum
of strategies to cope with these pressures, which leads to an increasingly complex
patchwork of social relations. National and regional institutions and traditions in
fact play an often neglected mediatory role in filtering and transforming the effects
of globalization.

Such observations point to the possibility that the alternative between an
increasingly homogenized “flat world” and an increasingly complex network of
social relations may be insufficient to capture the dynamics of globalization pro-
cesses.” Evidently, globalization comprises the transcultural diffusion, integration
and transformation of a broad variety of means of social cohesion, ranging from
goods to language, to belief systems and political institutions. Globalization thus
results from a variety of processes, all characterized by the tension between unifi-
cation and growing complexity.

Economic globalization, for instance, extends the dominance of the world mar-
ket over local patterns of production and distribution (Wallerstein 1976; Pomeranz
and Topik 1999) and, at the same time, provokes counterstrategies for develop-
ing diverse local patterns of economic subsistence under the new preconditions
(Sahlins 2000). Globalization homogenizes culture and destroys local customs,
but it also stimulates morally grounded anti-globalist countercultures, as well as
fundamentalism (Robertson 1992). In the field of political decision structures,
globalization leads to a growing number of international institutions whose task
it is to deal with problems transcending the influence spheres of political insti-
tutions of national states (Kratochwill and Mansfield 2006). While globalization
thus questions national autonomy from the perspective of global requirements, na-
tional integrity is, at the same time, also menaced by a growing tendency toward
new regional units (Bowles and Veltmeyer 2007).

1.2.2 Globalization as a Superposition of Various Layers

The contrast between the tendency toward an ever “flatter” and an increasingly
“fractal” world (Deleuze and Guattari 2011) suggests that comprehensive global-
ization processes result from a superposition of various layers, such as the migration
of populations, the spread of technologies, the dissemination of religious ideas or

4See (Nancy 2002; Sloterdijk 2005; Friedman 2005, 2008).
5See (McNeill and McNeill 2003; Friedman 2005; Buchholz et al. 2006; Hoficker et al. 2006;
Moénch 2008).
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the emergence of multilingualism. While these processes each have their own dy-
namics and history, it is their interactions and in particular their involvement of
knowledge which marks globalization as we observe it in the present. Considering,
for instance, the creation of social identities, it is clear that bodies of knowledge
in transition are always carried by agents whose identities are constructed in re-
lation to the knowledge they bear from their place of origin, but also in relation
to new kinds of knowledge they encounter in the new space. In the globalization
processes of the recent past, with migrations that have rapidly diffused knowledge
and behavior (Hoerder 2002), traveling knowledge has had the effect of constantly
deconstructing familiar boundaries and producing new identities and solidarities.
This pattern of globalization processes is familiar, at least since the age of colo-
nization, and is constitutive of the national and cultural identity of post-colonial
societies.%

Goods, tools, inventions, suggestions, technical skills and ingenious solutions
circulate among human groups with different rates of diffusion, but typically faster
than languages, values, traditional rituals, systems of ideas or religious frameworks,
and, in particular, administrative and political institutions. These differences in
rate account for the characteristic retardation of globalization processes after the
realization of their initial incentives. They are, at the same time, indicative of the
crucial role of knowledge in these processes.

It is of central importance to observe that goods and the technologies that
produce them often spread independently of each other and are each associated
with systems of knowledge that make them relevant and accessible to a given
culture. The transfer of the knowledge necessary for producing and inventing
tools requires, in particular, linguistic capabilities and frameworks of ideas which
can only be built up once globalization processes of other types have taken place.
Against this background, the crucial role and long history of multilingualism,
for instance, going back to ancient scribal cultures, becomes understandable as
a critical factor in globalization processes. The relation of the different layers
partaking in comprehensive globalization processes is not just one of mechanical
succession, otherwise one could be certain that the globalization of markets, for
example, implies a globalization of the political system, which is clearly not the
case. Rather, the interaction between the various layers may lead to very different
outcomes of globalization.

It is generally accepted that knowledge partakes in globalization processes.
It even constitutes a specific condition for every form of their realization. On the
political level, the spread and improvement of education is considered to be critical
for mastering the challenges of globalization, which are constituted as well by the
tensions between its different layers. One example is the challenge of mutually
adjusting new technologies, on one hand, and traditional behavioral patterns such

7

6See (Feldhay 2004; Lerner and Feldhay forthcoming).
7See (Manning 2003; Bayly 2004; Gruzinski 2004; Osterhammel 2009). See also the survey
chapter 9.
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as learning to handle instruments and machinery by trial and error, on the other.
This challenge can hardly be addressed by focusing only on traditional school
education.

Globalization processes such as the exchange of technology or migrations of
people thus obviously presuppose the diffusion of knowledge: the knowledge of how
to deal with the technical means transferred and the knowledge of how to establish
life under new circumstances, respectively. Similarly, knowledge is clearly a conse-
quence of globalization processes, just as the exchange of goods or the diffusion of a
language also transport knowledge. Knowledge, however, does not just constitute
one more aspect of globalization as a precondition and consequence, but represents
a critical element of its development. It is in fact the globalization of knowledge
as a historical process with its own dynamics that orchestrates the interaction of
all the underlying layers of globalization. The globalization of knowledge not only
constitutes a relatively autonomous process in its own right, but profoundly in-
fluences all other globalization processes—including the formation of markets—by
shaping the identity of its actors as well as of its critics.

Accordingly, education is a precondition of globalization processes as well as
a consequence of their realization, but the transmission of knowledge through ed-
ucation is only one—and not necessarily the decisive—type of social interaction to
determine the development and diffusion of knowledge in globalization processes.
It is a central claim of this book that the function of knowledge in such processes
cannot be reduced to a precondition or a consequence, neither of which accounts
for the emergence of innovations in globalization processes. Rather, the function of
knowledge in globalization processes embraces the co-development of knowledge,
technology and social interaction. This co-development gives rise to unexpected
novelties, such as the origin and spread of writing, the development of printing
technology and of the Web, the emergence of social mechanisms for distinguishing
knowledge from belief, and the creation of social identities that are structured
around the possession of a certain type of knowledge.

1.2.3 Prolegomena to a Global History of Knowledge

In this book, we propose to study the globalization of knowledge in history in
this comprehensive sense, from the spread of technological knowledge in prehis-
toric times to the consequences of the Web for a new economy of knowledge. In
the past, challenges such as an unstable equilibrium of population density, the
scarcity of nutrition resources, a change in ecological conditions, the emergence
of new knowledge or new technologies, or shifts in economic and political power
structures triggered phases of intense globalization. One important task of a his-
tory of the globalization of knowledge is to identify bodies of shared knowledge
that, in these phases of intense globalization, were crucial for the corresponding
diffusion and transformation processes. In the following chapters, we deal with the
emergence and spread of agricultural knowledge, early key technologies such as ce-
ramics and metallurgy, and with the emergence and spread of writing. But, we are
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also concerned with the reflective knowledge embodied in religious, philosophical,
artistic and scientific traditions, and with modern globalized science, in particular,
with models for global knowledge interactions including the mass media and the
Internet.

Although a wide range of topics is covered, there is no pretense at a compre-
hensive history of the globalization of knowledge. Our aim is rather to show, by
using examples, how the diffusion of knowledge throughout history can, in princi-
ple, be explained in terms of a historical epistemology, paying close attention to
the structures of knowledge involved.

A systematic account of the globalization of knowledge in fact has not arisen
for two reasons: first, the manifest diversity of data needed, and second, the less
obvious lack of a common theoretical language for describing types, media and
transmission processes of knowledge. To overcome the first of these problems,
we have assembled a number of contributions from various fields, ranging from
archaeology and ancient history, via the history of religion and science, cultural
anthropology, to the modern natural sciences. Based on these examples, we pro-
pose a theoretical framework that is outlined in the following section. Widening
the range of examples in future studies will certainly revise some of the general
conclusions about the globalization of knowledge that we have tentatively reached
in this volume. Our main goal here is to illustrate how such case studies might
help in developing a new theoretical language.

1.3 A Theoretical Framework for Studying the Globalization
of Knowledge

1.3.1 What Is Knowledge?

A common theoretical language for addressing the issue of globalization of knowl-
edge from a comparative perspective must be both expressively rich and struc-
turally simple. It must draw on established insights from cognitive science, philo-
sophical epistemology, anthropology, archaeology, historical disciplines including
the history of science, the history of art and the social sciences; it must more-
over encompass the full range of developmental processes implicated in the global
spread of knowledge throughout history. No existing academic discipline provides
all the tools required.

Knowledge is conceived here as the capacity of an individual, a group, or a
society to solve problems and to mentally anticipate the necessary actions. Knowl-
edge is, in short, a problem-solving potential. Knowledge is often conceived (es-
pecially in disciplines such as psychology, philosophy and the cognitive sciences)
as something mainly mental and private. But from the historical and social view-
point, it is necessary to consider knowledge as something that moves from one
person to another: something that may be shared by members of a profession,
a social class, a geographic region or even an entire civilization. From this per-
spective, knowledge and its movements may be mapped. Shared knowledge is
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especially important to the artistic, religious, legal and economic systems that
constitute cultures; and knowledge travels along with artifacts and artistic styles,
myths and rituals, laws and norms, goods and wealth.

Not only is knowledge situated in time and space, but so too is thinking.
Recently, the latter phenomenon has come to be studied in cognitive psychology
under the term “distributed cognition” (Perry 2003). The work of cognition is not
confined to the individual mind but can be distributed among groups of people.
What makes this distribution possible are external representations of knowledge
such as spoken language, writing and technological artifacts. Through such ex-
ternal representations, knowledge is transported from one mind to another and
thinking takes on a social dimension. For example, one may consider how the
planning of complex tasks for the construction of the New Kingdom tombs in
the Valley of the Kings was distributed among the various workers and craftsmen
living in the Egyptian city of Deir-el-Medina, each of whom possessed different
skills, knowledge, cognitive abilities and cognitive styles. Or one may consider
how Euclid in Elements integrated the results of many earlier mathematicians
into a complex and novel system: Euclid’s Flements thus represent the productive
thinking of not just one single man, but of many.

It is typically from external representations that the shared knowledge of a
society is, in part, appropriated by an individual (Damerow 1996). The tension
between shared and individual knowledge is a fundamental one. It also involves
the creative tension between explicit and tacit knowledge that Michael Polanyi
discusses (Polanyi 1983). It is only through individuals that new knowledge can
be produced, and it is only through societies that it can be reproduced. The
differing aspects of the shared knowledge that is appropriated by individuals or
groups in a society are closely linked to their identity and self-awareness. I know
who I am because I am what I know.

Knowledge has a systemic quality: elements of knowledge are typically part
of a network with differing degrees and types of internal organization. This is
relevant to knowledge transmission processes because they often involve only the
partial transmission of such a network. In some cases, the network may have
been transmitted only in fragments, but it may nevertheless still be possible to
reconstruct the entire system from them; the reconstruction may, however, also
fail or lead to an entirely new system. One example is the earliest attempts
at reconstructing ancient scientific theories in the Renaissance from just a few
fragments of the classical texts.

Here, knowledge is seen as evolving from individual and collective processes of
reflection. Knowledge about things is inseparable from knowledge about knowledge
with regards to, for instance, its range, its certainty, its origins or its legitimacy.
Knowledge is thus never simply “first-order” knowledge about some concrete or
abstract object but always involves knowledge about this knowledge as well, that
is, meta or second-order knowledge. This reflexivity of knowledge also accounts for
its self-organizing, self-promoting qualities. Second-order knowledge is the origin
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of curiosity because it involves an awareness of the ever-present limitations of the
available knowledge.

The reflection of knowledge presupposes its external representation. Reflec-
tion on knowledge is typically a reflection on the external representation of knowl-
edge, as when Euclidean geometry emerged from the reflection on the practice
with ruler and compass. As a result, knowledge has a complex layered structure
closely tied to concrete forms of representation, ranging from written or iconic
representations to social structures or rituals. Also, the articulation and spread of
more reflective knowledge follows different patterns than the use and mobility of
less reflective knowledge. Thus, knowledge about the existence of artifacts, such
as balances, travels much more easily than the knowledge required for their man-
ufacture represented by tools and procedures, let alone the knowledge associated
with an abstract concept of weight, represented by written texts.

In the following, we introduce a core set of concepts which are extended and
elaborated upon in the survey chapters that introduce each of the four parts of
the book. The basic concepts required include a typology of “knowledge forms,”
“knowledge representation structures” and “knowledge transmission processes.”
Other concepts we make use of include vehicles for the transmission of knowledge,
epistemic networks, knowledge economy, knowledge systems, packages of knowl-
edge, layers of knowledge, epistemic and socioepistemic evolution. Here, we limit
ourselves to a discussion of only the most basic concepts.

1.3.2 Forms of Knowledge

Forms of knowledge vary along three basic dimensions: distributivity, systematic-
ity and reflexivity. In terms of distributivity, they range from universal knowledge,
acquired in ontogenesis by every human being, to knowledge that is specific to indi-
viduals, or shared in social groups, social strata or geographic regions. Knowledge
can also be systematized to varying degrees, ranging from isolated chunks of knowl-
edge, via packages of knowledge to more or less coherent systems of knowledge.
Forms of knowledge are furthermore distinguished by their degree of reflexivity,
which is indexed by the distance from concrete objects manipulated in the course
of elementary existence. Reflexivity in this sense is lowest in the case of “intuitive
knowledge,” that is, unaccompanied by conscious reflection and unmediated by
symbolic forms; it is highest in the case of “second-” or “higher-order knowledge,”
also called “meta-knowledge,” where the object of knowledge is itself a form of
knowledge.

The range of knowledge forms with different degrees of reflexivity includes the
following, strongly overlapping categories:

1. intuitive knowledge
2. practitioners’ knowledge

3. symbolically represented knowledge
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4. technological knowledge (determined by ends)
5. scientific knowledge (determined by means)

6. second- and higher-order knowledge.

Higher-order knowledge includes any form of knowledge generated by processes
of reflection, such as abstract arithmetical knowledge resulting from a reflection
on the practice of counting. This classification elaborates on the distinction be-
tween bodies and images of knowledge introduced by Yehuda Elkana.® In the
sequel, second-order knowledge mostly refers specifically to images of knowledge
in the sense of that part of the shared knowledge of a society or group that gov-
erns its ways of handling and valuing knowledge. This second-order knowledge is
also designated as the second-order or epistemic framework of a group or society.
Knowledge and second-order knowledge cannot be separated in any absolute way,
however, as they always occur simultaneously. Knowledge is invariably part of
a system in which it receives its meaning by being related to other knowledge,
while this other knowledge, in turn, receives its meaning reciprocally from the
given knowledge. As a consequence, knowledge always serves, at the same time,
as knowledge about the world and knowledge about other knowledge.

1.3.3 Representations of Knowledge and Knowledge Economy

The mechanisms for the production, dissemination and appropriation of knowledge
in a society or group constitute its knowledge economy,” dependent on its material
culture, on political, economic and cultural boundary conditions, but particularly
on its second-order epistemic framework as well. Considered from this perspective,
the knowledge economy of a society or group is also designated as its dominant
epistemic constellation. Thus, in a theocratic society, its epistemic framework
might be constituted by views on knowledge gathered in certain holy writings,
while its dominant epistemic constellation includes all the rituals by which this
knowledge is disseminated and appropriated.

Knowledge representation structures have been extensively studied in the
framework of cognitive science and artificial intelligence focusing on the ques-
tion of how people store and process information in their minds. An analysis
of historical processes of knowledge development and diffusion, however, makes
it necessary to extend this notion in two dimensions to cover not only internal
but also external representations, and not only individual but also shared knowl-
edge. External representations are the currency of a knowledge economy. They
involve the use of knowledge representation technologies ranging in complexity
from notches carved on a stick as a simple tallying mechanism to sophisticated

8For the concept of images of knowledge, see (Elkana 1981). See also the work of Yaron Ezrahi
(1995) on civic epistemology.
9See also (Dunning 2000).
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computer systems.!? Understanding how knowledge is stored, processed, dissemi-
nated through space and transmitted through history requires taking into account
that individual knowledge generally results from the individual appropriation of
shared knowledge by reconstructing it from external representations.

For this reason, knowledge representation structures relevant to the processing
of shared knowledge are primarily characterized by the interaction of the means
of external representation available in a given historical situation with individual
cognitive structures such as mental models.!? The interactional approach requires
taking into account the human cognitive capabilities studied by developmental psy-
chology and cognitive science, ranging from intuitive inferences to the reflective
construction of semantic networks. It also requires addressing cultural potentials
investigated by behavioral, social and historical sciences, such as comparative psy-
chology and linguistics, sociology, economics, ethnology, archaeology and history,
in particular, the history of technology, science, religion and art.

1.3.4 Mental Models in the Transmission and Transformation of
Knowledge

The history of knowledge has been studied mostly from a restricted perspective
that favors innovation over transmission and transformation.!? Historians of sci-
ence and technology have often focused on the question of who was the first to
discover a fact that later became a key innovation and when this took place. Much
less attention has been paid to the question of what role these discoveries or in-
ventions played in the contemporary context of knowledge and how they changed
their meaning when transmitted to a different context. What kind of less spectac-
ular knowledge enabled the celebrated discoveries and inventions in the history of
science and technology? How was a discovery or invention interpreted by contem-
poraries? How did the discovery or invention influence the further development
of science and technology? What is the relation between the empirical discovery
of a fact and its derivation in a theoretical framework? What is the relation be-
tween a technical invention and its implementation as a societal innovation? How
do transmission processes change the perspective on a technological or cognitive
achievement?

To respond to historical-epistemological questions of this kind, an understand-
ing is required of how reasoning operates in frameworks of knowledge that are not
mathematized or otherwise structured as a deductive system and that differ even
in their conceptual structure from later science. This becomes particularly rele-
vant for understanding globalization processes of knowledge. To account for an
important aspect of such types of reasoning, we make use of concepts of cognitive
science, in particular of the concept of “mental model.” Mental models are specific

10This is explored in more detail in chapter 3, section 3.12 and chapter 32, section 32.5.

1See (Gentner and Stevens 1983; Damerow 1996; Renn and Damerow 2007).

12The following framework is based on joint work with Peter Damerow, see (Damerow 1996;
Renn 2007; Renn and Damerow 2012).
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types of internal knowledge representation structures that allow inferences to be
drawn from prior experiences about complex objects and processes, even when
only incomplete information on them is available.

The concept of mental models, as used here, is a particular application of
default logic. Default logic is an extension of formal logic that has been devel-
oped in cognitive science to account for deductive reasoning as it actually occurs
in science, technology and everyday life (Reiter 1980; Parsons 2006). Whereas
formal logic requires that the premises of correct inferences already contain com-
plete information about the subject of the reasoning, default logic is based on the
principle that inferences from prior experience may always enter the reasoning
as “defaults,” that is, they are taken to be true as long as there is no evidence
available to the contrary. Mental models relate aggregates of knowledge that can
be of quite different types, such as data, procedures or other mental models, and
of diverse origin, for example, from empirical evidence, from reasonable expecta-
tions, from a preliminary hypothesis or implicitly determined by other reasoning
processes.

A mental model has a relatively stable structure that connects variable in-
puts. We use the term “slots” to indicate the nodes in the structure which must be
filled with inputs satisfying specific constraints. The mental model of a “machine”
for instance, connects slots for a motor mechanism, a transmission mechanism and
an operating mechanism.!'® The structure of a mental model may include com-
plex information processing routines that transform the inputs according to the
structural relations of the model. Applying a mental model presupposes an assim-
ilation of specific knowledge to its structure. This happens with an “evaluation”
of the model, that is, input information compatible with the constraints of the
slots is mapped into them. The slot fillers or “settings” may have different origins.
They may result from prior experience or prior reasoning (default settings). They
may come from input information that has actually been acquired (input setting).
They may have been inherited from a “higher-order” mental model when the ac-
tual model fills one of its slots (inherited setting). They may be represented by
other mental models, procedures or similar knowledge representation structures
that may or may not be already evaluated or executed (implicit setting). Or they
may result from dedicated procedures that are deliberately executed in real time
with the purpose of constructing inputs (constructed settings).

Filling the slots is the crucial process that decides the appropriateness and
applicability of a mental model for a specific object or process. Once the map-
ping is successful, that is, if the input information satisfies the constraints of the
slots, the reasoning about the object or process is to a large extent determined by
the mental model. Internal knowledge representation by mental models has been
proven to be indifferent with respect to the origins of the processed information,
that is, the extent to which it stems from input, default, inherited, implicit or con-
structed settings. We are not dealing here with the question of how in individual

13See (Marx 1906, part 4, chap. 15).
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cognition an appropriate mental model is identified and retrieved from memory,
which is an important focus of cognitive science. From the perspective of historical
epistemology, mental models are studied with a different emphasis: they are part
of a historically transmitted architecture of shared knowledge that raises questions
not usually posed in cognitive science.

It is possible that more than one mental model is appropriate for application
to a specific object or process. In this case, different mental models are linked
to each other by the settings of some of their slots to the same inputs.'* Thus,
mental models are challenged by the objects assimilated to them since originally
independent domains of reasoning become connected through the object to which
different mental models are applied. This may result in complex knowledge repre-
sentations, but could also lead to insurmountable contradictions. When a mental
model does not fit, the object of cognition may be assimilated to another model
or the model is modified by accommodation to the new experience. Thus, when
Europeans first entered the Americas, they were constantly confronted with the
alternative between assimilating their new experiences to known schemes of clas-
sification or challenging the schemes themselves, beginning with the very question
of whether they had landed in India, or discovered a new world. The applica-
tion of a mental model to different objects and processes and the outcome of such
applications may itself become the object of reasoning that produces knowledge
(second-order knowledge). Knowledge about knowledge representation structures
may in turn change these structures. Thus, the application of mental models may
lead to changes in such models, not only by immediate accommodation in reaction
to insufficient fit, but also by deliberate reorganization as a result of accumulated
second-order knowledge obtained by reflection.

The concept of a “mental model” is closely related to the concept of a “model”
as a corresponding external knowledge representation structure. A material model,
for instance a globe as a representation of the earth, supports the use of the corre-
sponding mental model, the idea of a spherical earth, but usually cannot substitute
it. A material model is not necessarily active, it does not apply itself to an ob-
ject, it does not evaluate, and as a rule, it does not even adequately indicate the
difference between stable entities, such as its structure, and those that are perma-
nently modified in the process of “running” a model, that is, its use in cognitive
processes. For instance, while the material model of a house helps to visualize es-
sential features of an architectural tradition, only its corresponding mental model
can guide the actions necessary to build it. The distinction between mental and
material models is crucial for a historical study of knowledge development because
it provides the key concepts for understanding the culturally determined acqui-
sition, interactive communication and the historical and geographic transmission
processes of mental models. Historical epistemology is only concerned with men-

14For instance, a steelyard, that is a balance with unequal arms, may be regarded at the same
time as a balance and a lever, giving rise to a new, combined mental model: the balance-lever
model. See (Renn and Damerow 2012).
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tal models insofar as they are socially shared models whose material counterparts
partake in the knowledge economy of a given social constellation. Cognitive sci-
ence does not usually deal with social processes, and its concepts and theories only
insufficiently account for such processes. This is the reason why we propose the
specific concept of “mental models” outlined above for the analysis of historical
and geographic processes of knowledge transmission.

1.3.5 Knowledge Transmission Processes

Knowledge may travel with people or it may travel in the form of external rep-
resentations. These are its vehicles. Various vehicles possess their own peculiar
characteristics, such as speed of transmission, reliableness of transmission, and so
on.t?

Spoken language has always constituted one of the chief means of transmitting
knowledge. Of special note here are two types of linguistic situations that were
as frequent in the ancient world as in the modern: multilingualism and linguae
francae. Multilingualism and language contact give rise to phenomena such as
linguistic borrowing, where the import of a word from a foreign language frequently
evidences the transmission of a foreign concept, and translation, where a text (oral
or written) is transferred from one language to another and is inescapably altered
(both in form and in content) in the process. Linguae francae constitute a strategic
solution to the problem of linguistic pluralism, in which parties agree upon a single
language (e.g., Sumerian, Akkadian, Aramaic, Greek, Latin) as common currency;
this language can be the mother tongue of only some of the parties. Typically,
linguae francae have emerged due to the exigencies of trade, but they also play
a key role in knowledge (languages of learning), law (diplomatic languages) and
religion (sacred languages, linguae sacrae). But in becoming a lingua franca, not
only does a language change its value (in a social sense), but its terms frequently
change their value (in a linguistic sense).

The invention of writing created a new and powerful tool for the transmission
of knowledge since it enabled knowledge to travel, in both time and space, beyond
the immediacy of the speech situation. Writing emerged in ancient Mesopotamia
and Egypt, at first independently of spoken language, as a technology for the ad-
ministration of centralized politico-economic systems. Over time it developed into
a tool for durably representing spoken language, or more accurately, the equiva-
lent of spoken language (language that might be spoken), its full potential being
discovered only slowly and with increasing usage. With writing came metrologies,
calculation techniques, and finally, the rise of the first sciences, which may thus be
conceived as resulting from a reflection on the social processes of organizing labor.

Under the rubric of vehicles for the transmission of knowledge, one should not
overlook the importance of artifacts that may not have been explicitly intended
as representations of knowledge. A technology, or even the rumor of a technology,

15For a typology of transmission processes, see chapter 3, section 3.13.
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may motivate the (re-)discovery of the knowledge needed to produce an artifact;'6
and careful examination of the artifact may allow one to accomplish what is today
termed “reverse engineering.”

Knowledge transmission processes should be studied focusing on the relation
between the dynamics of invention and development on the one hand, and the
preservation and transmission of established bodies of shared knowledge on the
other. All of these processes are determined by diverse media of knowledge trans-
fer, by products, tools and technologies, shared experiences, oral communication,
and symbol and information processing systems. Globalization processes such
as the geographical dissemination of technologies, the spread of writing, the cul-
tural exchange between Orient and Occident, the colonization and exploitation
of cultures, and the creation of global networks of traffic and communication in-
volve specific knowledge transmission processes. Examples are the co-transmission
of knowledge and technology, the institutionalized transmission of knowledge by
schooling, the initiation of knowledge developments by diffusion, or the recon-
struction, adaptation and accommodation of knowledge by reverse engineering.
The understanding of globalization processes requires an analysis of the inter-
action between such transmission processes and the dynamics of invention and
development to explain the various forms of globalization, such as the convergence
of independent achievements, the optimization, differentiation and adaptation of
technologies and ideas, the hybridization of cultural resources and the role of bar-
riers against knowledge transfer.

1.3.6 Epistemic Networks and the Dynamics of Knowledge
Development

The transmission of knowledge can be understood as taking place in an epistemic
network in which the nodes (or vertices) constitute possessors or potential posses-
sors of knowledge, such as individuals, groups of artisans or scientific communities,
and the links (or edges) constitute the routes that knowledge must travel to reach
from one node to another. Epistemic networks are not random networks, but
rather possess a topology in which certain nodes—termed hubs—are especially
important in that they are connected to many other nodes. Thus, for exam-
ple, while mathematicians and philosophers were scattered throughout the Greek
world, certain centers (hubs) were particularly important, such as (in chronolog-
ical order) Miletus, Athens and Alexandria. The importance of such centers is
not unrelated to geographic, political and economic factors. Hence the occurence
of cosmological thought in Milesian thinkers such as Thales, Anaximander and
Anaximenes is related to the position of Miletus at the heart of Asia Minor, a
cultural crossroads to which the cosmological knowledge of the Babylonians would
most likely have found its way. Similarly, the wealth accumulated by the maritime
empire of Athens, together with the trade and political connections that were es-

16Cf. Kroeber’s stimulus diffusion (Kroeber 1940).
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tablished, provided the socioeconomic conditions which led to the flourishing of
the arts and sciences in the Age of Pericles (Malkin 2011).

Finally, we distinguish between and “intrinsic” and “extrinsic” dynamics of
knowledge development. The intrinsic dynamics of knowledge development is char-
acterized by the interaction between knowledge forms and representation struc-
tures, triggering processes of reflection which give rise to an increasingly complex
knowledge architecture. The extrinsic dynamics is determined by an interplay
between epistemic, ecological, cultural, economic and political factors.

The exploration of the consequences of a given system of knowledge in a
given social and cultural context and its subsequent restructuration may serve as
an example for an intrinsic development, such as, in the European context, the
elaboration of the Aristotelian system of knowledge and its subsequent transforma-
tion into modern science during the early modern period (Damerow et al. 2004).
The transfer of a given system of knowledge in a process of colonization to a new
natural and cultural setting may serve as an example for an extrinsic develop-
ment. Intrinsic and extrinsic developments may be closely intertwined. Extrinsic
(i.e., societal) contexts may be transformed into conditions for the intrinsic (i.e.,
cognitive) development of knowledge systems (e.g., the role of democracy for the
prospering of science or the role of colonization processes for the development of
biological and medical knowledge), while the intrinsic evolution of knowledge sys-
tems may become an extrinsic factor of knowledge globalization. The possibility
of colonization processes, for instance, may depend on achievements of intrinsic
knowledge developments, such as progress in astronomy or navigation techniques.

All knowledge traditions are local traditions in the sense that they depend,
at least at their origin, on specific contexts, specific groups and specific ranges of
knowledge, as well as on a specific history determining its architecture in an ul-
timately contingent manner. Globalization of local knowledge traditions involves
intrinsic as well as extrinsic developments, potentially enhancing their social dom-
inance, their range of application and their degree of reflexivity or, alternatively,
destroying their autonomy and reducing their complexity. The globalization of lo-
cal knowledge has thus to be conceptualized as a crossover phenomenon resulting
from the integration of local knowledge traditions whose initial encounter depends
primarily on a specific constellation of dominance, resources and knowledge po-
tentials, that is, on an extrinsic dynamics, while their subsequent co-development
is also shaped by an intrinsic dynamics.

The globalization of local knowledge is typically accompanied by a localiza-
tion of globalized knowledge in the sense of the recontextualization of an alleged
universal system of knowledge which may trigger its restructuration. Thus, as a
rule, the implementation of globalized scientific knowledge in new contexts has
not just taken the form of an application and specification, leaving its intrinsic
structures unaffected, but has yielded instead a hybridization of globalized and
local knowledge, changing the overall history of knowledge, even with regard to
the initial constellation of dominance, resources and knowledge potentials.
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1.4 A Historical Outline of the Globalization of Knowledge

This book represents a test case for the possibility of a large-scale comparative
history of knowledge. Is it possible to draw general conclusions, beyond a compi-
lation of disciplinary insights, about a subject as vast as the processes of knowledge
transfer and transformation from the beginning of human history until today? To
offer a definitive answer, one would obviously need many more case studies than
we could assemble in this volume and an even greater effort at integrating their
results. Yet, from the extensive discussions among the authors, which have accom-
panied the preparation of their contributions since the initial Dahlem Conference
in 2007, some preliminary conclusions could be drawn which justify further re-
search in this direction. From the perspective of the editor of this volume, some
of these conclusions are summarized in the introductory surveys to the four parts
of the book (chapters 3, 9, 16 and 24). These preliminary conclusions mainly aim
to encourage innovative forms of cooperation that bridge both cultural and social
history and also theoretically guided comparative approaches. The relation of our
discussion on the recent literature on globalization is reviewed in chapter 2.

1.4.1 From Technology Transfer to the Origins of Science

Part 1 of this book explores a series of processes in the very early phases of global-
ization, from the transmission of practical knowledge to the emergence of science.
It is normally assumed that the growth of knowledge in early history is merely an
outcome of innovations, such as the development of sedentariness, the invention of
new technologies including ceramic and metallurgical production, the introduction
of a redistributive economy, the emergence of the state and the origin of writing.
Here, we show that the history of knowledge is a layered history, where more
recent knowledge builds on successive layers of older knowledge in such a way
that the outcome of a knowledge production process becomes the precondition for
the stability of the level of development attained. We are thus dealing with a
self-referential process of knowledge generation and dissemination. For example,
the invention of writing in Mesopotamia was originally a consequence of state ad-
ministration. Not only did it change the conditions of the geographical transfer
and historical transmission of knowledge, but it also extended the human cogni-
tive facilities by stimulating reflection processes and the creation and articulation
of previously unknown mental constructions. Eventually, writing was converted
from a consequence into a precondition, not only for a particular model of state
organization, but for a level of socioeconomic development depending on these
novel mental constructions, from literature to science.

Science initially emerged as a mere by-product of sociocultural evolution, as
a reflection on the material means of human interaction with nature outside their
immediate contexts of application. Mathematics, for instance, emerged in ancient
Babylonia when the material means of organizing human labor, such as accounting
systems, became an object of intellectual exploration in the context of teaching
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these systems to specialized scribes. Science emerged independently in different
places in the ancient world. The globalization of science in the sense of an exchange
of systems of theoretical knowledge across large distances, for instance within the
wider Mediterranean world or East Asia, also goes back to classical antiquity. Due
to economic and political circumstances, however, this exchange remained limited
and episodic without the combination of accumulation and autonomous diffusion
of scientific knowledge characteristic of more mature phases of globalization.

While in the polycentric world of Europe, the Near East and India, exchange
did indeed take place among cultures as diverse as ancient Babylon, Egypt, Greece
and India, a continuous accumulation of scientific knowledge beyond local net-
works, such as Hellenistic society, was prevented by a scattered urban landscape
with only a few hubs of economic and epistemic trading, as well as by the scarce-
ness and fragility of institutions dedicated to the production and transmission of
such knowledge.

In contrast, such an accumulation of theoretical knowledge did take place
in the relatively monocentric world of China beginning with the Qin Dynasty,
resulting in a system of knowledge deeply embedded within and limited by the
practice and ritual contexts of state administration and, in this form, also diffused
to Japan, the Korean peninsula and South-East Asia.!” This determining context
of knowledge production and transmission would also serve for a long time to
come as a strong selective filter for the appropriation of new kinds of knowledge so
that, for instance, new astronomical knowledge relevant to state rituals would be
continually assimilated to the traditional knowledge system, whereas the system
resisted the appropriation of new technological knowledge that might have had
labor-saving effects, but no immediate significance for state administration.

The strong dependence of the dynamics of the development of knowledge in
antiquity on local economic, political and ideological factors was, both in the East
and the West, due to the fact that the networks supporting knowledge generation
and exchange were centralized in the sense of being dependent on all-important
centers that constituted potential critical points of failure. While even the ex-
change of knowledge between the two extremes of Eurasia, which were connected
by trade routes, may not be excluded, it can only have played a marginal role
because of the very network of weak ties of epistemic networks in antiquity. In
summary, even the ancient world was subject to a globalization of science that
remained, however, episodical.

1.4.2 Knowledge as a Fellow Traveler

Part 2 of this book deals with the dissemination of knowledge in the sequel to that
of power and belief structures on the Eurasian continent. It thus studies knowl-

17See, for example, (Schottenhammer 2007). Comparing the China Sea with Fernand Braudel’s
narrative of “Mediterranée,” Wang Gungwu argues that “the China Sea did not have a history
that was comparable to the intense exchange of peoples, goods and ideas that characterized the
Mediterranean” (Wang 2008, 7-22). See chapter 11 and also the discussion in (Malkin 2011).
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edge as a fellow traveler, its transmission being largely governed by an extrinsic
dynamics. Yet this transmission of knowledge also involves an intrinsic dynamics,
strenghtening the significance of knowledge as it proceeds, for instance, by stimu-
lating the creation of new media and new institutions for its transmission. A spe-
cial role is played by such all-encompassing belief systems as the world religions.
Their self-contained and self-organizing qualities enabled them to challenge the
authority of political powers, to outlast their initial reference states and to signif-
icantly contribute to a globalization of knowledge. They also offered long-lasting
epistemic frameworks guiding the selection, appropriation and accumulation of
knowledge. At the same time, religious systems are constantly challenged by new
knowledge.

In the European case and in contrast to the case of China, the tradition of
religion to challenge the authority of the state contributed to create the condi-
tions that allowed science to challenge the authority of religion. In China, sci-
entific knowledge received its ultimate justification from its constitutive role for
the state. The role of scientific knowledge in a particular society thus depends
on the dominant epistemic constellation, which is determined by shared epistemic
frameworks such as religions as well as by political, economic and cultural bound-
ary conditions. As long as scientific knowledge is merely a fellow traveler of other
societal processes, its survival often depends on transient resonance effects with
the dominant epistemic constellation. Only when science in turn affects the domi-
nant epistemic constellation, as happened in early modern Europe, does it lose its
ephemeral status, initiating an intrinsic dynamics of the globalization of science.

Religions have been one of the most important conveyors of the globalization
of knowledge and of science in the period between antiquity and the early modern
era. With the rise of Buddhism in India and of Christianity and Islam in the
West (as well as Judaism after the destruction of the Second Temple), religion
became decoupled from the state to a previously unparalleled degree, emerging
as a source of authority separate from and potentially in conflict with that of the
state, thus developing a potential for global spread (world religions). This new
development set the stage for the accumulation and transmission of knowledge
which, while nonetheless always extrinsically motivated, would neither be confined
to local networks nor be inseparable from immediate contexts of application, and
thus free to be repurposed or translated to new contexts.

The extent to which this possibility was realized remained largely contingent
on the emergence of a social network that supported the production and dissem-
ination of knowledge. Hubs in this network were typically flourishing trade or
religious centers, or capital cities of large empires. Structurally speaking, an em-
pire may be characterized by a limited number of hubs with many links and a
large number of locales (in terms of network nodes) with few links, and often with
only a single link to a hub. As to the longevity of knowledge accumulation within
such networks, it is their high interconnectivity that prevents knowledge growth
from being limited by the ephemeral fortunes of local centers, as knowledge travels
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easily and is no longer dependent on a single center. In sum, traveling is a way
of preserving knowledge. Empires further facilitate the wide-range diffusion of
knowledge and, in particular, the integration of knowledge emerging from differ-
ent hubs. But they are not the only social structures with such properties, as the
global infrastructures of the world religions could and indeed did serve the same
function over extended periods of time.

1.4.3 From Knowledge as a Fellow Traveler to the Globalization of
Modern Science

It was only in the densely connected urban landscape of early modern Europe
that a self-reinforcing mechanism connecting the production of specifically scien-
tific knowledge with socioeconomic growth arose, driving combined globalization
processes of science and economy. The combination of epistemic and economic
globalization by a feedback loop with an inbuilt tendency to scale up is the hall-
mark of the globalization of modern science. In this period, a class of highly mobile
scientist-engineers emerged who were concerned with the resolution of military and
technical problems on behalf of various, mutually competing patrons (Renn 2001).

Medieval and early modern science had been able to cross political and cul-
tural borders, also because of its use of Latin as a lingua franca. But when Latin as
a scientific lingua franca became increasingly complemented by the development
of scientific traditions in the vernacular, the vertical (social) mobility of science
and its practitioners also increased.'®

Also, the availability of cheap writing materials in Renaissance Europe made
a huge difference for both the social and the spatial mobility of knowledge. In the
past, technical knowledge had been confined to groups of specialist practitioners
and separate from traditions of theoretical knowledge such as the Aristotelian
tradition. The new scientist-engineers were involved with practical problems and
assimilated the knowledge of practitioners; at the same time they worked within
frameworks of theoretical knowledge, which caused them to reflect upon practical
knowledge. This reflection led to the equilibration of practical and theoretical
knowledge that gave rise to modern science.

Ultimately science is reproducible and transportable, not because of any
methodological principle, but because it focuses not on ends, which tend to be
more localized, but on means. In addition, it was recursively decoupled—albeit
never completely—from its original contexts by an ever longer chain of represen-
tation and reflection. But the practice of science in the early modern period, as in
antiquity, was initially bound to specific local contexts, such as courts or certain
urban centers on which its individual practitioners depended for their support.
Due to the association of science with a socioeconomic transformation process,
however, it emancipated itself from its immediate contexts by creating institutions

18 This process is studied in (Burke 2004). The importance of the simultaneous use of Latin and
a vernacular language for multilingual communication is highlighted by Alix Cooper (2007).
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of its own and a network of communication extending across Europe, its colonies,
and even to Asia. As a consequence, science was decreasingly bound to social and
geographical contexts. It no longer constituted an exceptional social phenomenon
depending on favorable circumstances and was increasingly freed from immediate,
context-dependent practical purposes, as was characteristic of traditional medicine
or astronomy.

In the early modern period, all the patterns of the globalization of science had
essentially already formed within the European network of scientific knowledge.**
Indeed, the early modern period saw a massive diffusion of scientific knowledge
within Europe, fostered by the spread of universities, academies and educational
institutions, producing not just literacy, but a particular curriculum contributing
to the creation of a canon of scientific disciplines.

The successful expansion of science within Europe created a model essentially
followed by all later globalization processes of science, including the replication
of institutional settings and canons of knowledge. The thus emerging network of
scientific knowledge exhibited self-organizing behavior, as is evident in the fact
that there was no central control of scientific practice, and yet scientific knowl-
edge accumulated at an astonishing rate and traveled quickly across the scientific
community.?’ The growth and mobility of scientific knowledge resulted from a
network in which most scientists were in contact with only a few other scientists,
but there were a few scientists who were in contact with very many scientists,
acting as network hubs. This network possessed these same connectivity proper-
ties at the level of institutions sponsoring and promulgating scientific knowledge,
such as courts, religious societies, the homes of wealthy patrons, universities and
the newly founded scientific societies. Again, most institutions had direct rela-
tions with only a few others, but a small number of institutions were hubs with
numerous direct connections. The presence of such similar structures at the levels
of individual scientists and of institutions engaged in science illustrates the prop-
erties of self-similarity and scale-freeness. Positive network externalities fostered
the inherent dynamics of spreading science so that the more people engaged in it,
the more useful it became.

19Toby Huff places strong emphasis on institutional and social conditions for science, on the
one hand, and its metaphysical underpinning, on the other. The latter aspect leads to rather
narrow criteria for distinguishing modern science from other types of science, while the former
tends to isolate the social conditions of science from the more general knowledge economy in a
given society. This focus on modern science rather than a more general focus on knowledge risks
neglecting the long cumulative history of the globalization of knowledge and the introduction of
Eurocentric bias, giving an a priori partiality to specific cultural and social conditions prevailing
in Western Europe (Huff 2011, 14). Among the favorable conditions for science, the author,
following Max Weber, emphasizes the Protestant Reformation and the associated literacy.
20The role of the “république des lettres” is discussed in (Riiegg 1996, 20-52). Lorraine Daston
distinguishes the “république des lettres” and the modern “scientific community” (Daston 2001,
151). Jakob Vogel and Ralph Jessen analyze more closely the differences between the “république
des lettres” and the national character of science organization in the nineteenth century (Jessen
and Vogel 2002).
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From the eighteenth century, science began to be organized in well-defined
disciplines, each with a canon of concepts, procedures and methods at the cen-
ter of relatively stable and institutionally embedded knowledge systems. These
knowledge systems had resulted from an earlier period of knowledge integration
and reorganization, which led to their stabilization. This process had centered on
isolated challenges, such as the challenging objects of earlier modern engineering,
which now turned into the paradigmatic objects of disciplinary science. It had
been a key experience of the early modern period that the world could be manip-
ulated by recognizing its intrinsic laws. Initially, this experience was effectively
limited to a few, particular fields of knowledge, such as mechanics. But it did
give rise to the hope, constituting the core of the Enlightenment ideal of science,
that this limitation could be overcome by the development of a universal scientific
method, thus establishing scientific rationality once and for all and independently
from the contigencies of local contexts.?!

This transcendental, universalist understanding of science became a major
factor in its globalization, often justifying the introduction, in a top-down man-
ner, of a “scientific method” into domains where the cognitive prerequisites in
the sense of a prior integration and stabilization of knowledge had not been es-
tablished. The limitations of this approach, however, became visible even in the
earliest attempts to naively transpose the principles of such pioneering sciences
as mechanics to other such fields as chemistry and biology, let alone to the social
domain. In the course of history, the failures of the transcendental, universalist
approach to science and its implementation have contributed to the generation
of numerous “anti-rationalist” movements, from Romanticism to religious funda-
mentalism. These failures, however, also helped to develop a non-universalist
understanding of science, exposing its deeply historical nature, but also the role
of local knowledge for its development.

1.4.4 The Place of Local Knowledge in the Global Community

The different consequences of the encounter between local and globalized knowl-
edge are dealt with in Part 3 of this book. In some cases, local knowledge systems
have been irrecoverably extinguished by globalization processes in rather a short
time. On the other hand, there are cases in which local knowledge has been
synthesized with or at least partly defended against the influences of the global
community. Although local knowledge may seem to be in retreat, it continues to
be relevant, even today, for mastering such primary living conditions as food pro-
duction, medicine, architecture, mobility, but also for preserving cultural identity.
In addition to its double function for practical and cultural purposes, it may take
the form of second-order local knowledge, shaping the generation, transmission
and application of knowledge in local contexts. Such meta-knowledge tends to

21For a comprehensive study of the Enlightenment, see (Israel 2001, 2006, 2010, 2011).
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remain implicit and is sometimes only expressed in terms of social practices, such
as the organization of learning processes.

Here we claim that the role of second-order local knowledge is much more
central than is usually admitted. Traditional second-order local knowledge is often
less affected by changes of technology, environment or new information than is
first-order knowledge and is therefore less easily rendered obsolete. At the same
time, new forms of second-order local knowledge may emerge from the encounter
between local and globalized knowledge. Such newly emerging local second-order
knowledge, however, is itself conditioned by the global history of knowledge, and
in particular by the legitimacy in a given historical situation of different epistemic
perspectives, one globalized, the other local. Local knowledge played a crucial
role in the differential development of non-Western countries. The variability of
local conditions continues to foster the diversification of knowledge, even in the
presence of globalization. The impact of this diversification of the globalization of
knowledge, however, remains limited unless new forms of representation become
available that allow this knowledge to be shared and made useful for shaping
globalization processes with an increasing awareness of their local conditions and
consequences.

1.4.5 The Globalization of Modern Science

To assess the relevance of an investigation of historical processes of globalization for
the present situation, Part 4 of this book is dedicated to the great challenges faced
by humanity today when dealing with knowledge. These challenges are partly con-
sequences of sociocultural evolution, such as the climate and energy challenges, and
in particular, of the powerful knowledge that has accumulated during this evolu-
tion, such as the exploitation of fossil fuels. Dealing with the consequences of such
unplanned, global experiments with our planetary system seems to require more
knowledge than can be produced by the dominant modes of knowledge production
of sociocultural evolution. Current economic and technological challenges may re-
quire in particular the development of new diffusion models in which knowledge is
recognized as an explicit transferable.

One example is provided by the widely discussed need for an alternative to
the current energy distribution system, which is not sustainable and will not meet
future needs. Although free market economy is the only system available for
regulating the global energy system, it has failed to adequately regulate the energy
system since local prices largely do not reflect global costs. Alternative energy
markets may regulate not only the flow of energy, taking into account knowledge
about resource scarcity, but also the flow of knowledge itself in such a way that
energy production and distribution is optimized.

We thus face an emergent process, socioepistemic evolution, in which the
global production of ever more and increasingly diversified knowledge about hu-
manity’s interaction with nature becomes crucial for its survival. In this process,
political developments do not merely shape the conditions of knowledge diffusion,
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but policy-making regarding these global challenges depends critically on the gen-
eration of new knowledge and knowledge-based assessments. In Part 4, a variety of
pathways toward a socioepistemic evolution are analyzed with regard to the cou-
pling of social and political developments and the global diffusion of knowledge.

1.4.6 Socioepistemic Evolution

In conclusion, let us summarize the larger historical framework in which the glob-
alization of science is taking place. Modern science represents the third in a series
of monumental revolutions, at the same time social and epistemic, that have af-
fected humankind since the sedentary revolution of the Neolithic. The first was the
rise of the centralized state, as for instance in Mesopotamia, where technologies
allowed for reflection on practical knowledge that enabled completely new meth-
ods for the organization of labor. The second was the birth of the world religions,
which challenged the authority of the state and ultimately transcended the limits
of the state. Modern science, in turn, came into conflict with the authority of
religion. This conflict was not one of complete opposition, but one of differing
intrinsic dynamics.

Religions comprised and continued to accumulate a vast amount of knowledge,
integrating it into overarching worldviews that closely connected knowledge of the
natural and the social worlds; at the same time religions exerted powerful control
over the totality of knowledge. Modern science, while open to expropriating much
of the knowledge previously controlled by religious authorities, contested not only
key elements of this knowledge, but also the authority of religion to control knowl-
edge. From the dialectics of this conflict, science gave birth to new worldviews,
rivaling that of religion, and eventually to a new social order. The commonality of
the three revolutions lies in the increasingly autonomous status they achieved for
the production and dissemination of knowledge, and in the increasing potential
for application of this knowledge to the control of society.

This series of three revolutions ultimately resulted from a cascade of nested
evolutionary processes building upon the foundation of biological evolution. Socio-
cultural evolution began somewhat before the emergence of modern humans. The
precondition for sociocultural evolution was the evolution of a rich social intelli-
gence aimed primarily at cooperation; the biological correlate of this development
is the appearance of the neocortex.?? The central dynamics of sociocultural evolu-
tion is the transmission of material and social culture. This mechanism facilitated
the transmission of knowledge between individuals, allowing humans to shape their
environment and to acquire new capabilities at a rate that is many times faster
than the pace of biological evolution. Acquired knowledge was thus easily trans-
mitted across generations.

Sociocultural evolution led eventually to the emergence of the state: the first
of the three revolutions. With this revolution we see, on the one hand, the creation

22For a recent discussion of the onset of sociocultural evolution, see (Bowles and Gintis 2011).
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of means for the external representation of knowledge which not only increased
the durability of knowledge, but also permitted reflection upon the knowledge
represented. This resulted in new second-order knowledge. On the other hand,
the new possibilities for labor organization opened up by administration practices
that were dependent on media for the external representation of knowledge, led
to radical material changes for individuals, further facilitating sociocultural evolu-
tion. It was especially important that new distributions of labor liberated certain
individuals from work directly concerned with their survival, thus allowing them
to engage in more abstract activities of knowledge production.

The emergence of the state dramatically accelerated sociocultural evolution by
allowing for an increase in the production of knowledge and offering technologies,
such as writing, for the transmission of that knowledge across space and time.
Qualitatively new sorts of knowledge were able to develop in this context, as for
example, Babylonian science or Greek philosophy. Knowledge could now spread
faster, whereas before, the spread of knowledge was essentially limited to the
speed of demic spread. While items of knowledge can and indeed do travel, entire
systems of knowledge hardly travel during this phase, owing to their essentially
local character. Moreover, the weak links between hubs of knowledge production
severely impeded the travel of knowledge. Nonetheless, with this revolution we see
the first major advance in the globalization of knowledge.

The next major advance came with the second revolution, the emergence of
world religions, which provided the kind of efficient networks for spreading knowl-
edge that were missing in the earlier phase. The world religions embodied much
of the structures of authority and of the mechanisms for knowledge production
and dissemination of the state, but whereas knowledge in the state was limited
by its geographic boundaries, the packages of knowledge associated with world
religions traveled more or less freely across state boundaries. The world religions
in effect constituted superstructures built upon existing social orders. They chal-
lenged the authority of the state and in a number of cases states responded to this
challenge; witness, for instance, the Roman persecution of Christians. In any case,
religion offered a new social order greater than that of the state, but modeled on
the state; thus, for instance, the concept of the Umma in Islam and the City of
God in Christianity. At the same time, the world religions could adapt; for those
who adopted them there was—and is—an equilibration of traditional beliefs and
the beliefs constituting the new religion. While authority was merely asserted by
the state (and grounded in physical force), the world religions needed to justify
their authority. Thus they developed sophisticated schemes of justification and
produced extensive bodies of knowledge through complex processes of dialectics.
Some of these schemes and processes had their origins in earlier systems of thought
that had arisen under specific local conditions, such as Hellenistic philosophy. But
whereas such schemes and processes had been local, the world religions embedded
them in institutions of potentially global extent. It is against the background of
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these complex schemes of argument, processes of justification and elaborate bodies
of knowledge—and in dialogue with them—that modern science was born.

Modern science, the third revolution, eventually gave rise to an entirely new
form of evolution. Just as sociocultural evolution was grounded in biological evo-
lution, so this new form of evolution—socioepistemic evolution—is grounded in
sociocultural evolution. With each new evolutionary process in this cascade, the
preceding ones eventually become dependent on the subsequent layers. Thus, the
continued existence of our species in a biological sense becomes dependent on so-
ciocultural evolution once the latter has reached a global extent, and, with the
globalization of science, our survival becomes dependent on socioepistemic evo-
lution. Socioepistemic evolution is a process even more rapid than sociocultural
evolution. It is as a result of this process that our environment has changed more
in the past one hundred years than in the entire period that hominids have existed.
Science is a self-organizing network that inherently scales globally. It has created
conditions for accelerated social evolution, including economic conditions, which
favor the further development of science. Thus science actually creates the condi-
tions for its own propagation. In socioepistemic evolution, continuity is provided
by the transmission of the means of science and the material culture of which
they are part. Socioepistemic evolution is an evolutionary process in its own right,
which begins when knowledge production and dissemination have attained auton-
omy, having become ends in themselves, and when this autonomously produced
knowledge has a global impact on the human condition.

The evolution of scientific knowledge itself exhibits all the dynamics char-
acteristic of an evolutionary process that we refer to as “epistemic evolution”?3
Epistemic evolution is nested within socioepistemic evolution, constituting one
of its driving forces. The exploration of the inherent potential of the means for
gaining knowledge gives rise to a variety of alternatives within a knowledge sys-
tem, corresponding to mutation in biological evolution. In an advanced state of
its development, these variations lead to internal tensions and contradictions, re-
sulting in the transformation or the branch of a new system; this is speciation.
Differing material and cognitive contexts create ecological niches for epistemic
evolution. Various forces of selection apply. Since socioepistemic evolution is ul-
timately grounded in biology, its greatest selective force is human survival. But
this ultimate selective force is, of course, mediated through many layers of cul-
ture and society that impose diverse proximate forces of selection on epistemic
evolution such as compatibility with prior knowledge, coherence and experimental
verification, but also non-scientific constraints such as prestige, compatibility with
non-scientific ideologies, fashions and so forth, which may differ in their effective
exploitation of social intelligence or of resources within a given ecological niche of a
scientific system. But whatever the details of the dynamics of socioepistemic evo-

23For earlier attempts to conceive the history of science as an evolutionary process, see (Hull
1988), and the first edition (1991) of (Damerow et al. 2004) which draws on (Damerow and
Lefevre 1981) and (Damerow et al. 1991).
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lution may be, it is evident that its challenges for humanity can only be mastered if
the conditions for epistemic evolution are optimized to deal with these challenges,
providing science with both serendipity and relevance. Ignoring these challenges
could lead to scholasticism, while streamlining science for specific purposes could
lead to missed opportunities for innovation.
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Chapter 2

Knowledge and Science in Current Discussions of
Globalization

Helge Wendt and Jirgen Renn

2.1 Introduction

Recent studies of global history and the history of globalization have, among many
other subjects, dealt with issues of knowledge and science. In the following, some
of these studies will be examined from the perspective of a history of the global-
ization of knowledge. From this perspective, several key questions arise. First and
foremost: what role is knowledge considered to play in the concert of other factors
of globalization?! Frequently, globalization studies place economic, political or
cultural developments in the foreground. The second question is how knowledge
is considered to interact with these other factors. The third question concerns the
relationship between knowledge and science. How is this relationship understood
in recent histories of globalization? And how can an understanding of science bi-
ased by the European tradition be overcome? The fourth question concerns the
dynamics of knowledge development: how does knowledge change over long histor-
ical periods as they are covered by recent studies of globalization? These studies
trace the change of economic activities, governance, trading and transport. But
what do they assert about the global history of knowledge?

As the studies considered in the following do not aim primarily at a history of
the globalization of knowledge or science, the aspects concerning knowledge and
science have to be filtered out from the overall account and examined for their
importance in the narrative as a whole. In the following, the historical studies
covered in this chapter will be briefly presented. They will then be examined for the
role that knowledge and science play in them. Next, the role assigned to Europe in
these studies of globalization will be reviewed. Finally, the historical periodizations
underlying these studies will be analyzed with a focus on the understanding of
capitalism and Industrial Revolution they present.

1See also the introduction to this volume, chapter 1.
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2.2 Major Contributions to a History of Globalization

The Birth of the Modern World by Christopher A. Bayly (2004) is one of the
most celebrated works in global history of recent years.? Focusing on a long
nineteenth century, from 1780 to 1914, the author develops his idea of global
modernization. In his view, this was not initiated unilaterally by movements
proceeding from Europe to other parts of the world. Rather, it constituted a
phenomenon that was established by the worldwide exchange of information, the
major political configurations of the colonial empires, and by politicized social
movements. Christopher Bayly takes the history of science seriously, attributing
to it an important place in the global history of the nineteenth and twentieth
centuries.

In the reception of Bayly’s work, this aspect of The Birth of the Modern World
has, however, remained largely ignored. Next to the “major” themes of the eco-
nomic reconfiguration of the world by capitalism, the great religious movements or
the decimation of the indigenous population of the Americas, the aspects of Bayly’s
work that are related to the history of science have not been taken up in subse-
quent historical discussions. Neither Kenneth Pomeranz (2006) nor John McNeill
(2005) mention this subject in their reading of Bayly’s work. Gauri Viswanathan
(2005) touches the theme in his review, dealing with Bayly’s critique of Foucault’s
role of the state. Viswanathan also discusses the issue of non-religious systems of
reason. But even in this review, the topic of science is rather neglected as part
of the global modernization process. Thus, Bayly’s treatment of the concept of
knowledge in global processes has met with little substantial response.

In The Birth of the Modern World, Bayly discusses the form of history known
in German as Ideengeschichte, and in English as “intellectual history.” Tradition-
ally, this historiography was strongly oriented toward Europe and North America.
It has taken on a truly global dimension only after paying increasing attention to
the history of science. Emphasizing this role of the history of science in broadening
the historical perspective, Bayly points out:

An exception to this rule is the history of science. Historians of science
have recently found much more room for the dynamic role of Asians,
Africans, and other non-European peoples in the creation of the hy-
brid bodies of learning by which global society understood the natural
world. They have also been quite successful in explaining how pre-
existing assumptions and styles of intellectual training guided people’s
reactions to new scientific ideas coming to them from the West. (Bayly
2004, 285)

In this, Bayly clearly presumes that scientific knowledge comes primarily from Eu-
rope. Transported by colonial regimes, with the help of imported school systems

2See (Conrad 2004).
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and public debate, non-Europeans had the opportunity to partake of this knowl-
edge. In the colonies, even more strongly than in the countries of origin themselves,
the sciences entered into a symbiosis with the political currents of liberalism and
socialism. This symbiosis also changed the spectrum of themes covered in the
individual sciences. According to Bayly, science is thus an important indicator
that enables the historian to identify global debates as well as to reveal processes
of change and dissemination, as will be shown in more detail below.

Similar to the definition of knowledge in the present volume, in Verwandlung
der Welt (Transformation of the World) Jirgen Osterhammel defines knowledge
as “cognitive resources that serve to resolve problems and master life situations in
the real world” (Osterhammel 2009, 1105).> For Osterhammel, modern science,
as it emerged around the mid-nineteenth century, represents a significant rupture
with European origins and had a global impact. The new subjects of science,
their designations and the social type of the scientist are clear signs of the rupture
and of the autonomy of the corresponding social system. Another factor was the
emergence of more and more specialists, who became increasingly involved with
state governments and with enterprises. In Osterhammel’s opinion, by the end of
World War I the institutionalization of scientific knowledge had been completed
in most European countries and in the United States. This geographical focus of
institutionalization on areas of the so-called “West” represents for Osterhammel
an undeniable fact that also a more encompassing global history would not be
able to overturn (ibid. 1105-1107). In short, Osterhammel does not consider the
emergence of the system of science in the West as the result of intricate historical
processes of globalization, as is the case in the present volume, but rather char-
acterizes it as a Western event of global significance. In contrast, Bayly sees the
“Western” sciences as being clearly shaped by non-European experiences.

An entirely different argument is advanced by Andre Gunder Frank, who in
1998 undertook a broadly based attack on Eurocentrism, focusing partly on issues
related to history of science, while his overall perspective is governed by economic
issues. Since the 1970s, he had been part of the study group investigating world
system theory and the expansion of European capitalism. In his study ReOrient.
Global Economy in the Asian Age, he claims that in the worldwide capitalistic
economic system no single power ever reigned supreme, nor did a hegemony ever
emerge from processes of globalization. According to Frank, the same holds for
European technology:

The received Eurocentric mythology is that European technology was
superior to that of Asia throughout our period from 1400 to 1800, or a
least since 1500. Moreover, the conventional Eurocentric bias regarding
science and technology extends to institutional forms [...]. (Frank 1998,
185)

3See also the introduction to this volume, chapter 1.
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For this reason, he turns against two opinions frequently expressed in accounts
of global history. First, according to Frank, the Scientific Revolution cannot be
conceived as a prerequisite for the European Industrial Revolution, as will be dis-
cussed in more detail later. Second, a one-way transfer of knowledge from Europe
to other parts of the world, by means of goods, institutions or ruling systems,
never took place. Instead, the history of knowledge transfer has always been
multi-directional. It began much earlier than European expansion and continued
to be multi-directional, even during European colonialism and imperialism.

Walter Mignolo’s Local Histories/ Global Designs.  Coloniality, Subaltern
Knowledges and Border Thinking of the year 2000 continues the tradition of rel-
ativizing Europe’s role in the history of the world. He poses the question of how
thinking can be decolonized and sets out on a quest to find alternative philosoph-
ical traditions to “colonial/modern” thought. In his view, this “colonial/modern”
thought developed in the sixteenth century, first in Spain and then, as the center of
the European world system shifted, in the Netherlands and in England, and finally,
in North America (Mignolo 2000, 30). Since the Enlightenment, this “colonial/
modern” philosophy, which Mignolo terms “occidentalism,” became the decisive
Western way of thinking. In his study, Mignolo attempts to uncover alternative
and local histories, as well as other layers of knowledge and ways of thinking, and
their relations to dominant occidentalism:

So knowledge from local histories where intellectual projects are pro-
duced at the intersection of silenced and silencing languages, [...] did
not receive the same attention. This situation is not trivial. It opens
up a space for the multiplication of interconnected projects at the in-
tersection of local histories and global designs, both at the ‘center’ and
the ‘periphery’. (ibid. 71)

Mignolo distinguishes two layers of global history: the first layer comprises the
global history of European expansion. In the second layer, a variety of local situ-
ations persist. Mignolo sees in their manifold the potential for a new, systematic
and non-hegemonial approach that he terms “border thinking.”

In Les quatre parties du monde. Histoire d’une mondialisation, Serge Gruzin-
ski also focuses on the Spanish expansion. He discusses the Spanish sphere of
influence in the sixteenth and seventeenth centuries, paying particular attention
to the role of actors who created and attested to globality. His study may be
characterized as a cultural history of globalization that also covers processes of
knowledge exchange. Gruzinski perceives the Iberian colonial globalization as be-
ing distributed over many locations where knowledge of equal value emerged in
all important domains, as is also stressed by Francisco Bethencourt (2005) in his
review of the work. Gruzinski cites the example of the spread of Aristotelianism
in the Spanish empire:

The process of globalization thus did not see the light of day at a certain
location of the [Spanish] monarchy. It is not bound to the Iberian
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peninsula or to the European continent, because Aristotelianism and
allegorical and symbolic languages can be discovered just as well in
Mexico as in Salamanca. (Gruzinski 2004, 369)

The reception of Gruzinski’s book clearly concentrates on issues of knowledge.
In his review, de Neymet recognizes the fundamental importance of the category
of knowledge for Gruzinski’s depiction of a mestizo globalization emerging in the
Iberian sphere of influence (de Neymet 2005).

Gruzinski argues that the foundation of universities and other educational in-
stitutions should not be understood as expressing Westernization or occidentalism.
The very production of knowledge at the University of Mexico or at the various
colleges of the colonial cities shows that certain institutions of knowledge had a
global character from the start. They then spread globally throughout the Iberian
domains and were transformed according to local contexts. Gruzinski makes this
movement of knowledge between different intellectual centers and across global
and local scales especially clear using the example of Aristotelian commentaries
that were written in different parts of the world.

Peter N. Stearns’s study Globalization in World History deals with the histo-
riography of global history and undertakes an attempt to identify future topics in
global historical research. Although his emphasis is generally on economic topics,
“technological, sociocultural and political forces” are not neglected (Stearns 2010,
1). Knowledge and science are not listed here, but the book makes it clear that
they are considered as part of the areas of technological and sociocultural forces.
The basis of Stearns’s argument is that every area of human thought and activ-
ity is affected and influenced by globalization processes, even when they seem to
be merely characterized by local circumstances (ibid. 2). On the first pages of
his book, Stearns develops a brief definition of globalization: “Looking at glob-
alization as the accumulation of different types of connection helps to focus the
relationship of current developments to the past” (ibid. 6). Globalization history
is the history of connections and relations and as such can be traced back to early
history.

In an even more explicit way than Stearns, John and William McNeill es-
tablish in The Human Web that human history is the history of increasing con-
nections: “A web, as we can see it, is a set of connections that link people to
one another” (McNeill and McNeill 2003, 3). This history of connection building
is to be understood as occurring in a broader frame of human history, as “[...]
human history is an evolution from simple sameness to diversity toward complex
sameness” (ibid. 322).

In this chronologically structured study, knowledge is one of the components of
human history that serves as evidence for the evolution of an increasingly extended
network among people. The study begins with prehistory showing that, with the
exception of Australia, the bow and arrow spread throughout the world and ends
with a discussion of the newest communication technologies. The authors focus
on connections shaped in contexts of wars and rivalry which are reinterpreted
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as moments of exchange. Relevant connections are distinguished according to
whether they were directed toward the exterior of a given society or whether
they emerged from the internal organizations of social entities. According to the
authors, internal communication and cooperation are fundamental for explaining
the superiority of one group over another (ibid. 4-5).

2.3 Knowledge and Science in Narratives of Globalization

Traditionally, science has been associated with literacy. In many of the non-
European regions studied by global history, no indigenous traditions of writing
existed so that in the older historiography, the knowledge there was conceived
as being inferior to European knowledge. In post-colonial studies, this perspec-
tive was contested and characterized as being Eurocentric and elitist.* Against
this background, it becomes important to trace how the individual authors define
science and knowledge and how they contextualize them in different cultures.

Christopher Bayly’s position on this issues can be best understood in connec-
tion with his discussion of the evolution of political thought. At the beginning of
the chapter “Theory and Practice of Liberalism,” dealing with colonial movements
inspired by European liberalism in the nineteenth century, he introduces the topics
of liberalism, revolutionary thought, liberal economic theories and theories of po-
litical systems. Bayly reconstructs how newly emerging political entities imported
packages of knowledge and linked them to so-called traditional forms of knowl-
edge. Bayly identifies this form of knowledge evolution as a way of expressing new
forms of nationalism in different historical situations, as happened in the classic
revolutionary states of the United States and France, but also in the context of
the Meiji “Restoration” of Japan and of the Egyptian nationalist movement. More
specifically, he points out:

The intellectual leaders of these Asian and Middle Eastern movements
also mixed elements from modern Western radicalism and theories of
human rights with claims to defend ancient traditions of community
and the honor of the land from the rising tide of global commercial-
ization, most powerfully manifested in the Atlantic economies. (Bayly
2004, 288)

Here, Bayly represents a view of history that radically rejects a Eurocentric mod-
ernization paradigm. For Bayly, modernization has ceased to be European but
rather emerged in relation to traditional ways of societal organization and polit-
ical thinking. He simply declares any existing and dynamic social, political or
technical phenomenon in any part of the world from the beginning of the nine-
teenth century to be modern. As news and information could be received world-
wide, any individual standpoint unavoidably developed in relation even to distant

4See, for instance, (Harding 1998).
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events. Bayly stands in a tradition of historiography that has broken fresh ground
since the 1960s. It takes its distance from the assumption of radical revolutions
and rather sees revolutionary movements as being rooted in intellectual constants
(ibid. 287-288).

Bayly stresses these constants and long-term developments in historical pro-
cesses with the intention of understanding the history of political theories in close
connection with the history of scientific discoveries. He considers the separate
study of politics and science to be misguided and simply an artifact of disciplinary
specialization. This separation obscures, according to him, the close relation and
interactions between political and scientific spheres. For Bayly, science occupies
a special place in the world history of the nineteenth century: “.. [S]cience was
as influential in the mindset of the nineteenth century as religion had been during
the Renaissance.” (ibid. 312)

He characterizes science as an approach to reality that in many ways used
to be more radical than political theories. In particular, he claims that simulta-
neously throughout the world science developed into a subsystem of society and
increasingly became the foundation on which political power and decision-making
were based. Bayly makes use of a broad concept of science that includes the natu-
ral sciences as well as sociology, history and ethnology. According to him, during
the nineteenth century all subjects of knowledge underwent a similar development
throughout the world and eventually became university disciplines.

For Bayly, this development from knowledge as a collection of unspecified
skills to science as a societal subsystem comprised three phases. The first phase
was the creation of huge pools of knowledge, such as museums and archives. He
also refers to the surveying and classificatory enterprises of natural history under-
taken by Linné, Goethe and Alexander von Humboldt. These European enter-
prises, however, were not solitary undertakings but had their counterparts in the
creation of herbaria and other collections in Africa, India or China, establishing,
for instance, the basis for local medical knowledge. In the second phase, individual
efforts were pursued to identify unifying principles, while the third phase saw the
establishment of a comprehensive evolutionary theory by Darwin and others.

The essential factor accounting for the rapid development of European sci-
ences was the commitment of nearly all governments to invest in specialized admin-
istrative units and infrastructures that supported science, as well as in technical
resources like the railroads. The precision and reliability of scientific claims as-
sociated with government institutions allowed them to enhance their legitimacy,
which, in turn, led to increased investments in this system by the state (ibid. 313—
315). In the course of this process, science, now established in complex institutions,
became in Bayly’s analysis a globally communicable achievement that turned into
an instrument of persuasion relying on cultural and scientific traditions in each
country (ibid. 323).

For Osterhammel, educational institutions are important factors of global
history. Only during the nineteenth century did school curricula develop into the
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form of systematically structured courses of instruction implemented by public
and private institutions. In Prussia, whose educational system became a model
for other states, schools were part of the state ideology and played an important
role in transmitting the official ethics of the state. In colonial regions, only a very
limited number of European schools were established. In Algeria under French
rule, an educational dualism of French schools and Koran schools prevailed. In
China, Japan and the Ottoman Empire, the adoption of European forms of knowl-
edge transmission was intensely discussed around 1900, but were realized only to
a limited degree. It was predominantly Western, especially missionary organi-
zations, that implemented schools recognized by Europeans as valid educational
institutions (Osterhammel 2009, 1129-1130):

The schoolification of society was a European-North American program
of the early nineteenth century, which over time was elevated to a goal
of state policy worldwide (ibid. 1131).

According to Osterhammel, this approach assumed a programmatic character
when states recognized that educational policy was instrumental in asserting their
own claims to power in three areas of society: in the socialization of the state pop-
ulation; in its political formation; and in the storage and propagation of knowledge
(ibid. 1131).

Over the course of the nineteenth century, European universities achieved
a new quality. While in many other countries outside of Europe, institutions
of higher education often took the form of academies or professional schools, in
the West universities became sites of research and even of new political think-
ing. According to Osterhammel, well into the twentieth century, non-European
institutions diverged widely in quality; their performance was hampered by the
limited spectrum of subjects taught, the lack of a complete academic curriculum,
and a staff often selected more on the basis of colonial power hierarchies than
achievement. Osterhammel stresses, however, that there were also non-European
institutions such as the University of Istanbul founded in 1900, the University
of Tokyo founded at the end of the 1870s and the Academia Sinica founded in
1928, which broke with conventional educational institutions in their countries and
significantly contributed to science—as measured against their European models
(ibid. 1132-1139).

Osterhammel also considers the development of universities within Europe,
starting with the establishment of the German research university. This became a
model that was adopted in England, France and, towards the end of the nineteenth
century, also in the United States and Japan. The context of this development
was competition among rival nations (ibid. 1142-1146).

Turning to the broader issue of knowledge, Osterhammel discusses the situ-
ation of the “world languages” in the nineteenth century, tracing their diffusion,
forms of usage and stability. He regards language as an important medium for
knowledge transfer and examines for the Ottoman Empire, China and Japan the
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close connection between the adoption of European languages and the introduc-
tion of European knowledge. He compares the openness that made these inno-
vations possible to the considerable resistance of European educational systems
with regard to the exclusion of non-European languages and subjects from their
curricula. He ascribes an important emancipatory role to the spread of colo-
nial languages—even in their creole and pidgin forms—since they not only served
colonialist purposes but also enabled individuals to pursue their personal goals
(ibid. 1112-1115).

The concentration on the nineteenth century unavoidably emphasizes the de-
veloped European schooling and academic systems that Osterhammel considers as
being superior to non-European educational systems. For him, science is an essen-
tially European concept that becomes globalized over the course of the nineteenth
century. But he also recognizes other facets of the globalization of knowledge,
in particular, its increasing diversification as well as the role of non-European
knowledge in other domains.

Stearns approaches the issue of knowledge diffusion and scientific practice
with an entirely different emphasis, reflecting on the role played by individuals. He
emphasizes that, in the transfer of knowledge, contexts and convergences are much
more important than single actors. He cites the examples of bronze smelting, the
compass, gunpowder and, somewhat surprisingly, of the printing press in Europe.
For Stearns, the individual “inventor” always stands in a long line of tradition.
He leaves the question of the relation between science and new technology largely
open and mainly speaks generically only about knowledge. Only when he deals
with the second half of the twentieth century does his grid become finer when he
discusses, for instance, the way laboratories collaborate with each other to conduct
research on global epidemics (Stearns 2010, 149).

In Stearns’s understanding, knowledge emerges over longer periods of time and
through long enduring connections. One of the systems transporting knowledge
is religion. Contacts between religions, as well as the propagation and mixing of
religions, were especially important in the period of European expansion (ibid. 77).
Nevertheless, in the actual globalization of the twentieth century, religions are
losing importance as agents of the globalization process; instead of developing a
common language they highlight their mutual differences. This common language
has instead been created by science with its collaborations and cooperation in
laboratories, and even more so by the global language of the global culture of
consumption (ibid. 150-153).

In contrast to other studies that point to the increasing centralization of the
world, John and William McNeill pursue another view of history, emphasizing
a persistent pluricentrism: over the course of the centuries, the world has been
permanently transformed into a tight network of connections. Consequently, any
multiplicity of languages, lifestyles, manners of dress or political and legal systems
that may have existed is being replaced by a few, globally asserted norms. During
this process, a world emerged with a comprehensive information infrastructure,
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characterized by constant competition, along with a continual process of mutual
perception, urbanization and migration that led to a reduction in cultural varieties.
This process is taking place while systems that are already globalized penetrate
traditional ones. Nevertheless, John and William McNeill stress their assumption
of a pluricentrical world by pointing out that in history no hegemonial center ever
existed. In a world assembled by a global network, they observe the emergence of
counter-religions and counter-systems—for example as competing ideologies—that
embody and pursue global multiplicity (McNeill and McNeill 2003, 270-274).

This development is not restricted to politics, culture or economics: over the
course of the twentieth century, science has seemingly become a monolithic system
in which the same scientific doctrines are taught in the same way throughout the
world. The point of departure for this development was the formation of disciplines
during the nineteenth century. John and William McNeill nevertheless claim that
science, like all other social systems, is ultimately characterized by pluricentrism.
To justify this view, they point to the fact that science is by no means limited to
universities and research laboratories. For one thing, it has entered into a close
partnership with the development of technology, where it becomes substantially
application-oriented and immersed in an industrial context. What is more, sci-
ence at the same time represents a kind of countermovement, because—at least in
the authors’ liberal view—it has adopted some of the moral authority of religions
(ibid. 277-279). Science today is embedded within the economically defined model
of competing companies. Here, economic knowledge and application-oriented sci-
ence are highly dependent on each other; each is governed by the mechanisms of
the global systems of economics and science.

Walter Mignolo stresses the distinction between science as it was shaped by
European determination in the colonial and modern era, on the one hand, and
non-European knowledge viewed from the perspective of “subaltern studies,” on
the other. These subaltern studies were first employed by Indian historians to
describe actors and agency in Indian colonial history from below, that is, from the
perspective of the lower social strata of colonial society. Taking up the concept of
subaltern studies, Mignolo claims that individuals and groups opposing colonial
regimes existed throughout the world, creating forms of knowledge that he char-
acterizes as “border knowledge” since it served to break up the boundaries set by
colonial and modern science (Mignolo 2000, 11-12).

“Border knowledge” refers quite generally to archives and movements of knowl-
edge directed against occidentalism. Mignolo is less interested in institutions or in
the question of whether one tradition of knowledge was more important than an-
other. He rather concentrates on broader cultural issues such as language, clothing
and pop culture. It remains an open question whether the promise that border
knowledge holds as an alternative knowledge system to “Western” science can ac-
tually be fulfilled. For Mignolo, knowledge and science are in any case situated in
two largely separate spheres communicating with each other only in a relationship
of politically determined historical correspondence.
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Parts of Serge Gruzinski’s book Les quatre parties du monde can be read
as a kind of response to Mignolo. In contrast to Mignolo, Gruzinski conceives
Spanish colonialism not as overwriting distant continents with occidentalism, but
rather as the creation of a space in which global communication became possible,
vividly illustrated by the propagation of literature (Gruzinski 2004, 55-59) and
of printing workshops (ibid. 62). The space to which Gruzinski refers of global
communication opened up by colonialism becomes particularly visible when he
traces how knowledge recorded in the colonies was utilized in Europe. He discusses
its intellectual and commercial impact on European countries (ibid. 62-69), on
the one hand, and reconstructs the processes by which knowledge was adapted
in Mexico, Peru and the Philippines, on the other. Gruzinski points to a global
space of mutual perception: events that took place on one continent were received,
written down or immortalized in images shortly thereafter in another part of the
world. The assassination of Henry IV in Paris in 1610 was described some months
later in a diary written by a Mexican mestizo. Similarly, the naval battle of
Lepanto, where the Spaniards fought against the Ottomans, soon appeared as a
motive on a Japanese screen (ibid. 14-19).

Gruzinski cares less about the difference between science and knowledge. He
defines science as the efforts toward systematization that were recorded throughout
the globalized Spanish Empire from the sixteenth century on. What matters to
him is the framework in which knowledge could emerge. He investigates the sites
and the people through which it came into being as well as the reception that
this emerging knowledge received. On the one hand, colonial global knowledge is
based directly on the “Ancients,” that is, on Homer, Aristotle, Ptolemy and other
ancient scholars and philosophers. On the other hand, their works constitute
the framework for structuring the genuinely different knowledge about the newly
discovered worlds outside of Europe. Referring to this formative role of the ancient
knowledge, Gruzinski explains the references to Plato and Ptolemy integrated by
Diego Muiioz de Camargo in his Relaciones geogrificas, as well as André Alvares
de Almada’s need to classify Africans as cannibals (ibid. 204-205). Such texts
saw a worldwide circulation and thus constituted the foundation for every form of
discourse and classification undertaken in the colonial world.

Knowledge was collected and classified in natural histories, herbaria and com-
pendia of navigation maps. Since experience played a central role in these works,
indigenous people or mestizos in the colonial areas could contribute significantly
to European knowledge on the basis of their own experiences. Experience and
the claim of having seen what is described or depicted became an increasingly
important argument in its own right and legitimized new knowledge (ibid. 211).
For Gruzinski, knowledge and science are intimately related. He also stresses that
knowledge was not only represented by texts, but also recorded in images. He
refers, for instance, to frescos created by indigenous artists in Mexican monaster-
ies, which not only represented a blend of artistic techniques, but also integrated
knowledge from Europe, Asia and America.
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2.4 Revisiting Europe from a Global Perspective

Since Dipesh Chakrabarty in 1992 called for a provincializing of Europe, most
global historians endeavor to avoid the impression of Eurocentric argumentation.
In view of the colonial and imperial, and then of the international political and
economic dominance of the “West,” historians face a great challenge. One solution
to this historiographic challenge is to enlarge the temporal focus and to emphasize
the historical eras before European colonialism, because then European dominance
in the areas of economics, the organization of politics, and the production of
knowledge did not exist.

Another argumentative strategy is to draw attention to local non-European
processes that changed European knowledge systems, even in the heyday of colo-
nialism and imperialism. Marshall Sahlins has shown, for example, that the devel-
opment of capitalism was different in China, Hawaii and Vancouver Island (Sahlins
2000). This in turn then raises the question of whether this development took
place in the same way in the heartlands of industrialization: in Manchester, Lille,
Philadelphia and Essen. In a certain sense, capitalism is comparable to the global
development of knowledge, as both are dynamic and complex systems.

A third historiographical current responding to the challenge of post-colonial
critique emphasizes the role of constant negotiations among different groups. It
recognizes the asymmetry created by European dominance, but insists on the idea
that power and knowledge are in flux due to these ongoing negotiations. All of
these historical accounts, like the contributions to the present volume, stress the
role of local contexts and point to events and circumstances of global history that
had hitherto been neglected by the dominant narratives.

According to Christopher Bayly, the superiority of science and its larger his-
torical tradition have been propagated in Europe at least since the beginning of
the nineteenth century. But he also emphasizes that debates about science and
its history did not just take place in Europe and that science was part of many
societies worldwide. As a result, a global communicative space emerged over the
course of the nineteenth century in which science was an independent subsystem.
He presents arguments against a European origin of science, as they were brought
forward in India and the Arab world, pointing to the autonomy of the scientific
traditions of these regions and their achievements (Bayly 2004, 317).

Bayly pursues the debate about the “origin” of science up to the end of the
twentieth century, arguing that what ultimately counts historically is not the
provenance of a scientific insight, but its application. Accordingly, he focuses on
the various societal environments in which science was performed. In particular,
the environments of European and North American industries provided opportuni-
ties and ideas that shaped the further development of science because they offered
multifarious areas of application. For Bayly, the appeal of earning economic ben-
efits by way of scientific and technological inventions prevailed over any idealist
expectations associated with science. He notes that in the nineteenth century Eu-
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rope had started with certain “advantages” because its dynamics resulted from a
politically and economically fragmented landscape that had developed over cen-
turies. A high number of territories competed intensely with each other and were
thus compelled to constantly innovate their technology as well as their methods
of organization, especially in warfare. Bayly believes that the fact that Euro-
pean societies from the the eighteenth century on were highly technologized and
militarily oriented may have situated them to offer more stimuli to Asian states
than could have happened in reverse, since the latter enjoyed conditions of relative
peace (Bayly 2004, 80-81).

In order to correct the unilateral image of a European dominated nineteenth
century, Bayly pays special attention to those institutions in non-European coun-
tries that worked in a systematic and application-oriented manner comparable
to the European situation. He considers the examples of the Ottoman Empire’s
School of Languages and of the emerging scientific community in Japan. He men-
tions, in particular, the role of seismology in Japan and the transfer of medical
knowledge from the West to Japan, China, the Arab world and India. For him,
this knowledge transfer is indicative of the openness of these knowledge systems
to external influences and to their awareness that their own history had involved
borrowing components of knowledge from various sources.

Political reasons and in particular a situation of global competition and rising
nationalism could lead however to a closure of knowledge systems with regard to
each other. In the Islamic regions and in Africa, for instance, Bayly identifies
“hybrid systems” in which traditional and Western treatments existed and devel-
oped in parallel; they were highly competitive and always concerned with their
demarcation (ibid. 318-320). According to Bayly, this was a worldwide devel-
opment. While some of these “hybrid systems” can be traced back to European
origins, their unfolding can only be understood as taking place in reaction to local
contexts. The global development of science must also be seen in this context.
Europe was no exception. Science with its characteristic specialization and stan-
dardization emerged at the same time in many regions of the world and had to
struggle everywhere with “traditional” approaches in fields like medicine, agricul-
ture and small industry. This struggle was comparable to any other process in
which new knowledge was generated and had to compete with existing traditions.
There was hence no a priori reason to expect that science would enjoy higher ac-
ceptance than any other new knowledge (ibid. 320-322). European expansion and
the spread of science did not in fact lead to a complete and sudden rejection of
knowledge prevalent in the colonized countries. For the most part, this knowledge
was merely recontextualized and so placed within a new global consciousness from
which it drew its meaning and had to prove itself.

According to Osterhammel, a global consciousness provides a framework that
encourages the capability of societies to engage in self-diagnostics with regard
to their current situation. In his view, the nineteenth century was “a period of
enhanced self-reflection” (Osterhammel 2009, 1279). The sciences in general, and
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disciplines such as history or sociology in particular, served as instruments that
enabled simultaneously occurring phenomena to be diagnosed in an interwoven
global context. Obviously, the issue of self-reflection is not limited to the domain
of science, but rather raises the more general question of what modernity means
and whether it could mean something different in different cultural contexts. In
this regard, Osterhammel observes that such self-reflection hardly took place before
1900:

Indeed it is difficult to find independent and distinctive Indian, Chi-
nese, Middle Eastern-Islamic or African paths for the period between
around 1800 and 1900, which provided a counterpart of their own to the
hegemonial Western European model of modernity. Such differentia-
tions did not become noticeable until after the turn of the century, ini-
tially more in terms of intellectual history than structure. (ibid. 1279-
1281)

Two formulations by Osterhammel are interesting in this context: first he claims
that “colonialism and globalization [created] cosmopolitan orders of language”
(ibid. 1116). Yet, according to his understanding, expansion, disseminations or
mixtures are not motors of globalization and perhaps not even indicators, but mere
consequences. The second interesting formulation is connected with the reforms
of writing undertaken in many countries with the goal of bringing elite language
and the vernacular closer together. Osterhammel denies that these projects re-
flected “a direct imitation” of Europe (ibid. 1117). These projects are rather to
be explained as a consequence of the given “national” situation. Osterhammel
covers alphabetization and literacy comprehensively. He interprets these topics as
belonging to the competition among nations for modernity, described in terms of
the rising rates of literacy in the population. In this competition, the northern
European states, the United States and Japan came out ahead of, for instance,
Mexico or China. Osterhammel discusses at length what he considers to be missed
educational opportunities in the nineteenth century in these countries (ibid. 1125—
1127).

Osterhammel argues that curricula and research topics as they were shaped
by newly created national institutions were largely immune to the influence of non-
European experiences. Instead, they developed their own research agendas and
methods independently of such influences. However, some of their research results
were translated and thus reached non-European scholars as well. This transmis-
sion happened not by chance, but rather in response to specific demands for new
knowledge emerging among growing scientific communities, for instance, in China
and Japan. This transmission was hampered by considerable obstacles, however,
in particular by the cultural connotations of key scientific concepts. Osterhammel
concludes:



2. Current Discussions of Globalization (H. Wendt/J. Renn) 59

More than ever before and more than since, say, the mid-twentieth
century, in the long nineteenth century the flow of knowledge around
the world was a path down a one-way street.” (ibid. 1151)

As a consequence of the Western habit of ignoring or rejecting knowledge
recorded elsewhere, the European sciences took on a hegemonial status. This
status was reinforced by the growing professionalization of the sciences in Europe
and the formation and differentiation of disciplines that gave rise to scientific
achievements serving as milestones for global science over long periods of time
(ibid. 1147-1156). Such claims may seem to suggest that Osterhammel is merely
rolling out a new edition of a Eurocentric historical account. Yet, the author
actually attempts to straddle the two main currents of global history without
coming down as either a “diffusionist” or an “evolutionist.” Osterhammel works
in both directions: as we have seen, while university models were diffused, the
development of national languages emphasized each country’s own character.

Gunder Frank takes a position opposite to that of Osterhammel: He rigor-
ously denies that anything like a “European technology” even exists. After all,
Europe has always been dependent on external influences. Even the innovations
developed during the colonial period were based on a mutual, albeit asymmetrical,
exchange of knowledge (Frank 1998, 204). In the picture he draws of the world
prior to 1800, Frank emphasizes the economic features. According to him, China
represented the most powerful economic sphere of influence, followed by Japan
and India, with Europe lagging well behind. In any event, these are the four main
global players of his account, which neglects Africa and Latin America and leaves
North America somewhat surprisingly in the background. Frank also denies the
existence of any long-term hegemony. For him, neither the use of gunpowder for
firearms, nor the construction of ships, nor the invention of the printing press or
of mechanized textile production, nor innovations of metallurgy or of other ar-
eas of mining and transport constitute the basis for any enduring superiority of
one political-economic system over another. He rather traces temporary phenom-
ena of dominance lasting for limited periods of time and covering only restricted
geographic spaces. According to Frank, these cannot be explained in terms of
knowledge, but always depend on economic circumstances (ibid. 193-203):

That is, technological progress here and there, even more than institu-
tional forms, is a function of world economic ‘development’ much more
than it is of regional, national, local, let alone specificities. (ibid. 186)

Walter Mignolo’s goal is to provide a common theoretical and epistemolog-
ical basis for the flows of politics, ideas and knowledge in the world system of
border knowledge that is at the center of his analysis. Border knowledge consists
in demarcation, in opposition, and in a process of separation from occidental-
ism. Mignolo connects his broad theoretical approach with the dependency theory
developed in Latin America. Dependency theory analyzes why and how Latin
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American economies were for a long time unable to disengage themselves from
power relations as well as from societal and economic structures inherited from
the colonial period. For Mignolo, this theory provides an example of how colonial
and modern thought can be overcome with the aim to put an end to the Latin
American states’ imitation of Europe (Mignolo 2000, 54).

According to Mignolo, capitalist and colonial domination continue to persist.
They are opposed by processes of detachment which Mignolo believes to constitute
an ongoing political project. These processes of detachment do not simply corre-
spond to reactions to the colonial world, but are composed of both older and more
recent layers of collective experience and thinking (ibid. 50). For Mignolo, the
capitalist world system proceeding from Europe, Europe’s colonial dominance and
the system of knowledge developing through Europe’s experience abroad cannot
be divorced from each other. They determine the economic and scientific system
of thought to such a degree that, even in the aftermath of the colonial and modern
epochs, an alternative system of thought can be achieved only under one condition.
Such an alternative system has to rely necessarily on those traditions of thought
that did interact with the systemic colonial dominance, but that nevertheless re-
mained recognizable as independent traditions and striving themselves to mutate
into new systems:

The reordering of the geopolitics of knowledge manifests itself in two
different but complementary directions: 1. the critique of the subalt-
ernization from the perspective of subaltern knowledge [...]; and 2. the
emergence of border thinking [...] as a new epistemological modality
at the intersection of Western and the diversity of categories that were
suppressed under occidentalism (as an affirmation of Greco-Roman
tradition as the locus of enunciation in the sixteenth and seventeenth
centuries), Orientalism (as an objectification of the locus of the enun-
ciated as ‘Otherness’), and area studies (as an objectification of the
‘Third World,” as producer of cultures but not of knowledge). (ibid. 95)

In this sense, global connections play a central role for Mignolo. They explain
the dominance of the colonial and modern system and also harbor the potential
for the creation of alternative systems. In contrast to occidentalism, the alterna-
tive systems do not aspire to hegemony, but are always countermovements and
third paths, based on multi-local substantiations and are thus oriented toward the
dissolution of fixed blocs (ibid. 95).

Instead of trying to filter Europe out of global processes, Serge Gruzinski
advocates integrating Furope into the world events of the seventeenth century.
There is no denying that Spain, as a part of Europe, spread throughout the world,
and that there were strong tendencies to centralize knowledge. But the Iberian
peninsula was by no means the node through which all threads of knowledge ran.
In contrast to Mignolo, Gruzinski does not assume that occidentalization can be
equated with the development of hegemony. He makes this clear by using the
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example of Aristotelianism, which for Gruzinski could not achieve any hegemony
in the non-European world but remained simply one conceptual framework among
others.

It was Europe that suffered because of the dominance of Aristotelianism:
there it prevented any significant influence of non-European knowledge on science.
By dint of the export of Aristotelianism as a knowledge system comprising books,
professors, the mastery of the Latin and Greek languages, as well as the founda-
tion of new monasteries and universities in Spanish America, Europe believed to
have achieved hegemony with regard to any other form of knowledge. In Mexico,
Aristotle was taught as early as 1553 in a local Dominican monastery, that is,
even before the university was founded. The Thomistic interpretation of Aristo-
tle’s work played an important role in Iberian globalization. As a consequence, the
Aristotelian Organon became the foundation for all studies at the colonial univer-
sities. Since the Iberian social context of reception was similar to that in Europe,
scholars in the colonies did not develop different interpretations from those famil-
iar in the colonial homeland. This is also why Western philosophy did not receive
any new impulses from the colonies (Gruzinski 2004, 340-332). So far, Gruzinski’s
account represents a typical narrative of the expansion of European knowledge to
another continent.

Then, however, Gruzinski develops his argument in a surprising direction.
He claims that this belief in European superiority was actually part of a Eu-
ropean self-deception in the early modern period. Key to this self-deception was
what Gruzinski calls the “Aristotelian bubble” (ibid. 355), that is, the Aristotelian
scholastic legacy which largely determined the way in which any knowledge and
experience were interpreted; interpretations departing from this dominant view
were persecuted (ibid. 245-256). With a few exceptions, this Aristotelian bubble
made Europeans largely blind to the innovations and the new knowledge produced
in the colonial sphere that went far beyond the scope of Aristotelian teachings.
Gruzinski discusses attempts by Europeans to integrate non-European knowledge,
such as the reception of Chinese nautical knowledge by Bernardino de Escalante or
of Chinese medical knowledge by Juan Gonzalez de Mendoza. He notes, however,
that characteristically, such alien knowledge later fell into oblivion (ibid. 350-355).

In conclusion, at the beginning of Iberian globalization, various knowledge
traditions coexisted in relative autonomy with respect to each other. According
to Gruzinski, however, this autonomy was gradually undermined by the export
of thought systems like Aristotelianism, by translation activities, by the spread
of publishing ventures and, more generally, by the global diffusion of knowledge
overcoming geographical separations.

Peter Stearns sees hegemonial situations emerging, for instance, from trade
and shipbuilding. In general, in the literature on globalization, shipbuilding is
mentioned frequently since ships are highly technical products which could be
used for conquest and expansion. Furthermore, shipbuilding was an important
medium for the exchange and the accumulation of knowledge. Through war and
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expansion, technical knowledge passed from one side to the other, at least as long
as it could be matched with existing technical and epistemic concepts.

Stearns analyzes hybridization processes associated with trade and shipbuild-
ing. Through Arab trade, two different techniques of shipbuilding spread in the
Indian Ocean, namely the Arabic and the Malay-Chinese traditions. He shows
how a specialized terminology of shipbuilding spread over large distances (Stearns
2010, 36-37, 60-61). He also discusses the role of trade relations for the spread of
the compass from China, via the Arab world, all the way to thirteenth-century Eu-
rope, as well as for the spread of the astrolabe and the cartographic and narrative
descriptions of geography (ibid. 38-39).

The spread of knowledge is not at the focus of Stearns’ interest however. He
rather uses the occurrence of similar technologies in different locations as evidence
for the existence of intensive trade relations that must have been responsible for the
exchange of these technologies (ibid. 44). As it turned out, eventually Europeans
benefited more than others from this exchange. Thus, Portuguese shipbuilders
produced results superior to those of their Arab forerunners once they equipped
their newly-built ships with cannons.

Stearns deals not only with the question of which area of knowledge might
bear potential for a hegemonic position. He is also interested in intercultural his-
tories of knowledge such as the history of the concept of zero and the history of
firearms. In particular, he shows how the concept of zero emerged and was spread
as the result of an adaptation of knowledge in various historical situations. He
emphasizes the non-linear and even controversial character of its history. In parts
of India, the concept was rejected and once it arrived in Europe, a considerable
length of time passed before it generally prevailed. Yet, it had scarcely entered
the European chambers of commerce before it was carried, by way of European
expansion, to other continents where it soon became firmly established (ibid. 47).
Several centuries later, a similar intercultural development eventually led to the
dominance of firearms in fifteenth-century Europe (ibid. 58-59). Stearns gives
further examples that show how European superiority depended on external influ-
ences and, in particular, how the resulting superior technology became decisive for
European dominance and how it finally led, from ca. 1850, to true globalization.

2.5 Capitalism and Industrial Revolution as Controversial Milestones
of Globalization

In the history of the last centuries, the economic system of “capitalism” played
such a central role that also studies of global history focusing on issues other than
economic can hardly avoid taking its historical development as a reference for pe-
riodization. Similarly, industrialization as a new mode of production established
since the end of the eighteenth century became a central historiographical category
for globalization studies. Capitalism and industrialization were traditionally con-
sidered to be merely European historical processes that achieved a certain impact
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in other parts of the world. The works of Immanuel Wallerstein and Eric Hobs-
bawm widened the perspective on these crucial developments to a global scale,
insisting on the worldwide network of interconnections that made them possible,
although FEurope continues to play a central role in their narratives. Their works in
fact constitute the first steps toward a history of capitalism and industrialization
emphasizing the dependency of these processes on the relations between Europe
and other parts of the world. This explains why their pioneering contributions
have become standard references for any history of globalization.

By outlining a global history of capitalism, Wallerstein suggested a modified
reading of European colonialism. He considers the development of European cap-
italism as a process in its own right, which only initially depended on European
political expansion. This economic development extended over a large period of
time and correlated core regions, peripheries and semi-peripheries into a single
world system. The European global economy was distinguished from other eco-
nomic systems by creating “a single division of labor but multiple polities and
cultures” (Wallerstein 1979, 6). This European global economy was based not
primarily on colonial and imperial hegemony, nor was it determined by individual
actors, nations or governments. Rather, the economic system was the arena in
which these actors and powers could play their roles.

The European global economy in fact distinguishes itself from other economic
systems by the high degree of connectivity between its participants. Once the pre-
Spanish economic systems of America had been incorporated into this European
system through colonial conquests, a global European economic system emerged,
whose core region shifted, by the mid-seventeenth century, from the Iberian penin-
sula toward Flanders and England. But even apart from political conquests, the
European world system expanded and involved ever more regions, such as, for
example, the Ottoman empire (Wallerstein et al. 1987).

The Industrial Revolution is generally seen as an important step in the devel-
opment of capitalism. Eric Hobsbawm designates this developmental step, which
began around 1800, as “capitalist industrialization” in order to distinguish it from
more traditional modes of production. He situates the Industrial Revolution within
a context of various social and technological developments. These are not restricted
to England, let alone to Europe. According to Hobsbawm, capitalist industrial-
ization “was part of a larger network of economic relationships, which included
several “advanced” areas, some of which were also areas of potential or aspiring
industrialization [...]” (Hobsbawm 1999, 13). Wallerstein and Hobsbawm have
transformed the issues of capitalism and industrialization into themes of a global
historiography. They thus prepared the ground for more specific historical studies
investigating the global connectivity associated with social and economic processes.

In the tradition of this economic historiography, Christopher A. Bayly iden-
tifies historical milestones associated with economic changes. He claims that soci-
eties all over the world changed in multilayered global processes, moving from
proto-globalization through archaic globalization toward modern globalization.
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The latter was prepared by what he calls “industrious revolutions,” taking up
a notion introduced by Jan de Vries. Bayly follows the development of modern
globalization through “the great acceleration” of imperialism, nationalism and lib-
eralism up to 1914. A key theme of his work is the development of networks
comprising a “multitude of centers, a global history of connections and intercon-
nections” (Bayly 2004, 44-46; 451-467).

A new perspective that he introduces in his study concerns the role of changes
in the labor process over the course of the nineteenth century, which he claims to be
more fundamental than changes in production processes as they are highlighted by
the term “Industrial Revolution.” Bayly employs instead the concept of industrious
revolutions, introduced in the singular by Jan de Vries for developments in North-
West Europe between 1650 and 1850 (DeVries 1994, 49-55). For the nineteenth
century, Bayly traces instead how workflows changed all over the world and how
work itself became an appreciated value.

According to Bayly, the industrious revolutions did not have their exclusive
origin in Europe, but rather constitute an important example of how distributed
processes became globally integrated. The industrious revolutions were based on
a co-evolution of labor and knowledge about how the goals of production could
be achieved in an economically more effective manner. These revolutions became
the prerequisite for the emergence of new economic systems, forms of religious
organization and of science as social systems in their own right. Thus, while
science may have been temporarily closely associated with industrialization, it
emerged on a global scale as a social system that carries no specifically European
traits. In contrast to Gunder Frank, who argues that the emergence of science,
the development of technology and industrialization should not be conceived as in-
terdependent processes, Bayly advocates a radical application of the globalization
paradigm. According to this paradigm, any development is mediated by a world-
wide interplay of processes, thus constituting globalization in the first place. He
thus opposes previous historiographies which considered developments as rather
taking place in a chronological sequence.

Frank, on the other hand, emphasizes the autonomy of economic, political
and scientific developments in Asia which remained unnoticed for centuries by
Europeans. He also denies that the rapid development of capitalism and the
industrialization in Europe represented singular historical events. He rather claims
that the Chinese form of economy was equally successful. In his view, the global
economic system emerged over centuries as the result of an interplay between
different regional economic systems. With regard to the European development,
he stresses that “any such Western rise must have been within the world economy
itself” (Frank 1998, 334). Effectively, he turns the view of an alleged European
singularity and superiority upside down by claiming that one has to interpret the
entire complex of capitalism, industrialization and technical progress in Europe as
ultimately resulting from Europe’s success in learning to stand on the shoulders
of the Asian economies.
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With a focus on Great Britain, Jiirgen Osterhammel introduces a periodiza-
tion for global history. He regards the decades between 1770 and 1830 as a “global
saddle period,” marked by the Industrial Revolution. It comprises the develop-
ment of wage labor from 1820 on, the deployment of fossil fuels and the massive
spread of steam engines (Osterhammel 2009, 108). This global saddle period is
followed by the “Victorian globalization” lasting until 1890. It is characterized
by imperialism, the emancipation of white settler societies in North and South
America, nationalism, the importance of civil liberties and the rise of the middle
class. With regard to the global character of the contemporary intellectual his-
tory, Osterhammel takes a cautious stance because, as he writes, too little is known
about the individual “contacts and relations of exchange between the individual
civilizations [...] from non-occidental contexts” (ibid. 108-109).

Osterhammel distinguishes between industrialization and the Industrial Rev-
olution, two terms often used synonymously in historiography. For him, industri-
alization is characterized by slow growth; it is not necessarily coupled to capitalism
or accompanied by a major impact on society. The Industrial Revolution, on the
other hand, distinguishes itself by its far-reaching effects on society and its global
impact. The prerequisites for the emergence of the Industrial Revolution existed
only in Great Britain. Among the conditions favoring the Industrial Revolution
were a large demand for bulk goods, a well-developed international trade and an
elaborated scientific tradition and great technological experience.

The British economic context in fact also favored a second scientific revolution
in which, in contrast to earlier epochs of history, “the waves of innovation did not
break off or peter out” (ibid. 918). Osterhammel describes the cumulative charac-
ter of this process of innovation, which he considers to be a unique characteristic
of Great Britain, by referring to a “normalization of technical innovations.” In his
view, it results from a particular interplay of already existing and systematically
produced new knowledge. The development of new technologies for converting en-
ergy, for instance, was furthered and accompanied by the capability of formulating
physical models of such conversion processes. For Osterhammel, the nineteenth
century was, in fact, a period in which social and scientific progress were both
closely linked with each other, as well as with the issue of energy conversion, in
particular from fossil fuels (ibid. 928-930).

Also Walter Mignolo sees close parallels in the development of politics, cap-
italist economy and epistemology when he traces the expansion of Spain during
the sixteenth century. He claims, in particular, that this historical development
shaped modern philosophy and, more generally, modern thinking with effects last-
ing until today. The starting point of this development was the global challenge
with which the Spanish monarchy was confronted as a consequence of the expan-
sion of Iberian powers to America and other parts of the world. Through this
expansion, Spain assumed a central position and became a mediator largely de-
termining the epistemological framework for interpreting the new, global world
(Mignolo 2000, 56).
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As a response to this challenge, epistemic strategies were developed to inte-
grate the new experiences into the existing complexes of politics, faith and power.
Thus, under the auspices of Spain’s Catholic monarchy, a self-contained episte-
mological system was established that excluded any claims to scientific validity
coming from the outside and that continued to bend and twist anything not in
accordance with it (ibid. 4-5). This system which Mignolo designates as “occi-
dentalism” indeed remained in power long after the demise of the period properly
labeled as colonialism (ibid. 53). In particular, this system entered into a close,
functional relationship with the expanding capitalistic world system. Following
Anfbal Quijano, Mignolo sees close parallels between the relation of owner and
property in capitalism and the epistemic subject-object relation (ibid. 60), and
more generally between the development of global capitalism and that of knowl-
edge systems.

Also Serge Gruzinski is convinced that the globalization of knowledge was
deeply shaped by capitalism. But he widens the economic perspective to include
the circulation of luxury goods, in particular, in the sixteenth century. Luxury
goods, marvels and curiosities traded in Europe since the Middle Ages were rec-
ognized on all continents as gifts and became objects of global consciousness and
worldwide trade (Gruzinski 2004, 43-47). For Gruzinski, genuine globalization
means assimilation, a central topic of his studies. The traded “exotic” luxury
goods were assimilated by economic processes and incorporated into a social value
system from which a new form of economy emerged. Through these assimilation
processes, new stocks of knowledge were built up that could have hardly emerged
in the world prior to Iberian expansion, with its mostly autonomous knowledge
traditions.

The connection between one or the other world is not limited to the
translation of indigenous issues into an Iberian language and to Euro-
pean codes. However, the connectivity would be imperfect without the
further inclusion of an indigenization or an Africanization of European
issues. (ibid. 242-243)

Peter Stearns broadens the discussion about capitalism and Industrial Rev-
olution by emphasizing the importance of transport and communication for the
history of globalization in a long-term perspective. Accordingly, he takes a close
look at the spaces of communication and trade before 1500. According to Stearns,
wide ranging connections emerged as early as the Bronze Age. During this period,
the transfer of knowledge occurred on the basis of certain goods that had become
objects of desire in places other than their regions of origin. This interest in objects,
but also in production methods such as metal smelting techniques, stimulated a
search for knowledge and learning that also motivated mobility. In antiquity, for
instance, scholars visited other cities and countries because they were interested
in their local knowledge. Greeks went to Egypt and Chinese scholars visited India.
Some were seeking mathematical knowledge, others were interested in religious
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matters. In any case, knowledge became something like a material good. Through
this mobility of scholars, as well as by way of the exchange of manuscripts, contacts
emerged, many of which proved enduring (Stearns 2010, 9-10).

For the period after antiquity, Stearns closely follows the development of trade
and language as vehicles of a “proto-globalization.” He emphasizes the importance
of relationship-building in the expanded Mediterranean area and attributes a sig-
nificant role to the Arabs and their culture of trade. For Stearns, trading is in fact
the true motor of the Arab expansion that transported not only goods but also
their language. Thus Arabic became the lingua franca of the Mediterranean and
of the Indian Ocean. In the Arab world, a wide-ranging network of intellectual
centers emerged with close relationships between each other. Scholars were able
to travel back and forth, exchanging religious or legal knowledge, because travel
was considered to be safe (ibid. 32-36).

For the Middle Ages, Stearns shows that the diffusion of knowledge was closely
linked to that of the objects to which the knowledge referred. He discusses, in
particular, the examples of silk and porcelain. Although the knowledge of their
production was protected by political entities, it was nevertheless distributed ever
further through trade (ibid. 36). The period between ca. 1500 and the Industrial
Revolution saw important developments of transportation technologies, leading to
an increase of both loading capacity and speed. The invention of the printing press
with movable type in Europe became a key element of increased and accelerated
communication, although this was not the purpose of its invention (ibid. 63).

While other scholars would characterize these developments as the beginning
of globalization, Stearns places its true inception around 1850. He agrees that the
fundamental elements emerged around 1500 and were improved in the subsequent
period (ibid. 87-93). But he stresses that, during the long nineteenth century, the
speed of transport and communication significantly increased, as did the capacity
to transport bulk quantities over large distances (ibid. 93). He sees trade and war
as the most important motors for the further development of the corresponding
technologies. However, the accelerated globalization was not limited to developing
means of ever faster and more efficient transport, or to the greater speed at which
innovation took place. For Stearns, the key to the true inception of globalization
was the quicker diffusion of these innovations which now occurred within a few
decades or even within just a few years (ibid. 106). He summarizes:

Technology breakthroughs in transportation and communication alike,
new approaches to global health issues and the massive acceleration of
technology diffusion, really new areas of global interaction in culture
and politics, and crucial commitments from key nations like Japan—the
list of fundamental innovations is substantial, and might easily justify
the idea that the post-1850 period is indeed the crucible of modern
globalization. (ibid. 122)
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Stearns is of course aware of the problems associated with a strict periodization
in globalization history. Regional differences, differences between urban and rural
zones or the various forms of interaction between the local and the global in fact
challenge any specific temporal framework (ibid. 125-127, 150).

William and John McNeill also deal with global history in a long-term perspec-
tive. They focus on Europe and the special position it achieved in the long devel-
opment from antiquity via the Scientific to the Industrial Revolution. Their story
begins with the routes that had connected distant regions such as Mesopotamia
and China as early as the first century BCE (McNeill and McNeill 2003, 65).
They stress the particularities of ancient Greece and its pluricentric political and
religious organizations, as well as the role of Aristotelianism for the further de-
velopment of knowledge (ibid. 73-74). Steady cultural contacts stimulated the
transfer of knowledge and fostered the development of technologies in areas such
as navigation, war, astronomy and physics (ibid. 189). The authors thus identify
an “Old World Web” of far-reaching connections, but also refer to epidemics as
a complementary unifying force since they entailed significant consequences for
political communities all over the world (ibid. 78-79).

The Arab expansion was accompanied by the spread and accumulation of
knowledge which was eventually institutionalized in madrasas. Sciences in the
Arab world flourished until well into the fifteenth century and beyond. Important
contributions to mathematics, astronomy and medicine were achieved in this pe-
riod, some of them with challenging consequences for religious knowledge. The au-
thors nevertheless locate the Scientific Revolution in Europe, between the sixteenth
and eighteenth centuries. Here, against the background of a political fragmenta-
tion that encouraged competition, modern science emerged as a system supported
by the institutional framework of universities and was based on a well-established
tradition of flows of information and fields of scholarship (ibid. 186-188). This
European Scientific Revolution created important conditions for the further de-
velopment of a globally connected humanity.

Even more than the Scientific Revolution, according to the authors, it was
the Industrial Revolution that changed human history. The use of fossil fuels
turned out to be essential for the development of worldwide connections and the
formation of the modern world. The Industrial Revolution had its origins in Eng-
land where a number of favorable conditions prevailed, such as the introduction
of new technologies, but also the utilization of previously unexploited land and an
advantageous political situation. The authors trace the unfolding of the Industrial
Revolution through various stages. At first, innovations were mainly introduced
by practitioners and entrepreneurs. Only in the final stages did science play a fun-
damental role in the development of new technologies. Eventually, the Industrial
Revolution also had far-reaching consequences on local industrial sectors outside
of Europe. The cotton industries in India, Bangladesh and Iran, for example, were
unable to compete with the British industry. In these parts of the world, modes of
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industrial production were only developed after European machinery was imported
(ibid. 230-237).

In conclusion, as John and William McNeill consider a long time span of
human history, they keep sight of the connectedness of different parts of the world,
a connectedness that persisted for centuries and that can be considered as being
the quintessence of globalization. Because of its fundamental implications for all
parts of the world, however, the Industrial Revolution emerges as the single most
important historical process shaping this globalization.

2.6 Summary

While all of the authors considered here are evidently aware of the important role
of knowledge and science in the history of globalization, only for Walter Mignolo
and Serge Gruzinski do they form an essential part of their narratives. As we have
seen, for Mignolo epistemology plays a decisive role while Gruzinski emphasizes
the exchange of knowledge. For the other authors, economic developments and
political histories form the backbone of their reconstructions.

Authors with entirely different outlooks nevertheless agree on the fact that
certain key periods existed that fundamentally changed the further history of the
world. In Osterhammel’s Verwandlung der Welt, this period is around 1850, while
in Gruzinski’s Les quatre parties du monde the period around 1600 marks a cross-
roads in history.

All of the authors agree not only on the importance of knowledge and science,
but also on the role of global connections in constituting globalization. They con-
ceptualize these connections, however, in somewhat different terms. For Christo-
pher Bayly, they are embodied in spaces of intensive debates, such as those on
liberalism, socialism, science and the late colonial situation; for John and William
McNeill they are part of an ever-growing network; for Mignolo they take the form
of different epistemic systems that were formed during colonialism; for Gruzinski,
the essential process consists in the mixing of cultures and people; and for Peter
N. Stearns, these connections intensify over centuries and are built up by forms of
communication and mutual observation, as well as by the exchange of knowledge
between systems, institutions and actors.

As we have seen, the question of Europe’s uniqueness is studied intensively in
all of these works. The most prominent theme that connects Europe with another
continent consists in the exchange between Europe and Asia, especially China.
Bayly and Frank stress the mutual interaction between both continents, while the
one-way nature of knowledge transfer from Europe to Asia prevails in Osterham-
mel’s account. In practically all of the studies considered, Europe is seen as a
special place characterized by diversity, where a persisting competitive situation
became the motor for the development of knowledge, science and technical innova-
tion. This competitive situation was due to the permanent confrontation between
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political units, but also to the rivalry and constant exchange between institutions
of learning, such as the universities, as is emphasized by Osterhammel.

According to Mignolo, a North-South divide of Europe was the cause of an
epistemological decline in the Mediterranean countries, with industrialization af-
fecting only a few of the Middle and Northern European regions, as Bayly, Oster-
hammel and Stearns all point out. At the same time, Osterhammel and Gruzin-
ski emphasize in their works how Europe resisted the influence of non-European
knowledge, partly because it was, for most Europeans, difficult to assimilate to
their own systems of knowledge. In the seventeenth century, Europe lived in an
Aristotelian bubble and, in the nineteenth century, in imperialistic arrogance.

Most studies identify trade, economy and production processes, but also reli-
gion, language and politics as important vehicles of knowledge. They also no-
tice how systems of knowledge, carried by these vehicles, are developing into
sub-structures of the expanding world system. They furthermore suggest to con-
ceive such systems of knowledge in terms of models, world orders and narrative
metaphors taken from political and economic history. Finally, the studies follow
the historical changes and developments of these systems of knowledge, alongside
those of the objects of knowledge. Some, such as Bayly’s and McNeill’s accounts,
propose stage models of knowledge development, favoring scientific knowledge as
a superior form of knowledge, while others, such as Serge Gruzinski’s account,
consider catalogs and collections, for instance, as an autonomous form of science
and not simply as precursors to its developed Western form.

The relation between knowledge and science constitutes, more generally speak-
ing, a challenging problem for globalization studies that is not always confronted
in an explicit manner. The way this problem is dealt with depends, of course,
also on the temporal focus of a historical study, given the obvious differences be-
tween pre-modern and modern types of knowledge organization. It is also related
to the controversial questions of when globalization began and what role Europe
played in it. While Europe’s role remains crucial, all authors make considerable
efforts to pay attention to other continents. Clearly, what is still missing are, as
Osterhammel remarks, studies of exchange processes between non-FEuropean his-
torical entities, for instance, between Asia and Africa. Addressing the question of
the relation between knowledge and science is often circumvented by considering
institutions as the real objects of investigation or by applying a modern notion of
science to earlier periods.

Another challenging problem emerging from the available accounts is the his-
torical understanding of the relation between the Scientific Revolution and the
Industrial Revolution, as well as of the relation between capitalism and industri-
alization. What role did knowledge and science play in these processes and their
interconnections? And vice versa, how should we conceptualize knowledge and sci-
ence in order to arrive at a better historical understanding of these developments?
Further research on these questions will help not only to achieve a more symmetri-
cal global history of knowledge, without glossing over differences of power, or over
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the confrontations and wars that are also part of the global history of knowledge.
It will also help to address some of the issues with which current globalization
confronts us.
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Chapter 3
Survey: From Technology Transfer to the Origins of Science
Malcolm D. Hyman and Jiirgen Renn

3.1 The Beginnings of the Globalization of Knowledge

By definition, globalization processes in the contemporary era have involved geo-
graphically disparate peoples and the spread of ideas, knowledge and technologies
by a variety of means over vast distances. If we pose the question as to when
such processes first began, then it must be acknowledged that long-distance, in-
deed intercontinental, connections with an attendant spread of knowledge are as
old as Homo sapiens itself. It is true, connections and contacts between distant
parts of the world remained accidental and sporadic for most of human history.
Only in the last century or two have such contacts taken the form of a continuous,
systematic and self-reinforcing global exchange of knowledge that is turning more
and more into a condition for human survival, thus launching us into a socioepis-
temic evolution in which change in human society is driven by the generation of
knowledge.?

But some of the basic mechanisms of the global exchange of knowledge and
its interdependence with other processes of transfer and transformation may well
be recognized even in the earliest phases of human development. All of these pro-
cesses are layered, in the sense that the introduction of a new process does not lead
to the eclipse of earlier processes. Consequently, the globalization of knowledge is
a deeply historical process in which the dynamics at any given stage depends not
only on the outcome of the preceding one, but on the entire developmental trajec-
tory back to some of its initial biological and ecological conditions. To understand
the globalization of knowledge today and its role as a backbone of a future so-
cioepistemic evolution, we therefore have to revisit this developmental trajectory
from its inception. There is another, more proximate reason to do so: ignoring
the role of knowledge in the development of human societies necessarily leads to
inadequate descriptions; thus, for instance, the study of long-range transfer in
prehistorical archaeology has been hindered by a lack of focus on knowledge.?

A number of global characteristics of human life developed in prehistoric
times, among them the use of language, the ability to produce tools and weapons,
especially artifacts made of wood and stone, metallurgic knowledge and—after

IFor a more detailed discussion, see chapter 24.
2See, for example, (Renfrew and Zubrow 1994; Renfrew 2009).
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the change from hunting and gathering to sedentariness—the knowledge to con-
struct dwellings, to manage agricultural cycles of planting, harvesting and storage
of cultivated plants and fruits, as well as the technologies of livestock breeding
and diverse uses of domesticated animals.® Later came the use of symbolic means
such as iconography, measurement, writing and arithmetic, eventually followed by
the development of early forms of scientific knowledge. The global or potentially
global character of these bodies of knowledge may result from two different kinds
of historical processes and their interaction over time. Different but functionally
equivalent bodies of local knowledge may merge into an integrated knowledge sys-
tem as a result of cultural exchange processes. Alternatively, a useful body of local
knowledge may be disseminated to or be adopted from neighboring cultures, thus
spreading until it becomes a global human characteristic.

3.2 The Spread of Knowledge in the Context of the Migration of Early
Humans

There is considerable evidence that humans and their close hominid kin moved out
of Africa in several waves over half a million years. The earliest fossil evidence of
anatomically modern humans at Omo I in Ethiopia is thought to be ca. 190-200,000
years old,* while the earliest evidence from the Near East (Qafzeh and Skhul Cave,
Israel) is ca. 90-100,000,% and from Europe not more than ca. 30-25,000 years.°
The out of Africa hypothesis of early modern human dispersal (probably just one
of a number of waves of migration out of Africa that had been going on for over half
a million years)” appears to be basically correct, at least with respect to Europe
and Western Asia.® Nonetheless, the possibility that archaic Homo sapiens in East
Asia evolved directly out of the local Homo erectus population cannot be ruled
out completely (regional continuity model). Yet this scenario, too, would have
entailed a good deal of interregional migration as areas like Australia (Adcock
et al. 2001) and Siberia (Vasil’ev et al. 2002) were progressively colonized from at
least 60,000 years ago. Numerous knowledge systems and technological realms as
well as knowledge transfer of intercontinental, pan-Furasian proportions can be
readily documented in the pre-modern era. Even before the ascendency of modern
humans, the spread of early hominids was concomitant with a spread of knowledge
related to stone tool technology that led to the creation of a wide range of Upper
Paleolithic tool traditions.

3The following survey of prehistoric developments includes a draft provided by Dan Potts, see
also chapter 4.
4See (McDougall et al. 2005, 2008).

5See (Schwarcz et al. 1988; Andrews and Stringer 1989; Griin et al. 2005).
6See (Pereira et al. 2005; Soficaru et al. 2006, 2007).

7See (Templeton 2002).

8See (Larick and Ciochon 1996; Quintana-Murci et al. 1999).
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3.3 The Spread of Agriculture and Other Early Cultural Techniques

Knowledge spread also with the later expansion of agricultural technologies re-
lating to the domestication of cereals and animals. Intensive gathering of wheat
and barley in the Fertile Crescent led eventually to agricultural practices that re-
sulted in the genetic modification of cereals (domestication) about 10,000 years
ago. Evidence for the domestication of small cattle (sheep, goats, pigs) dates this
practice to ca. 8000 years ago. Within one or two millennia these agricultural
advances together with the domesticated cultivars spread, through demic migra-
tion, to southeastern Europe and thence northward through Europe and eastward
to Central Asia. At approximately the same time (ca. 9000 years ago) rice cul-
tivation in north and south China gradually began to spread westward through
the Indus Valley (ca. 5000-4000 years ago) to the Persian Gulf and Mesopotamia
(ca. 3000 years ago).” Cultivars such as these were certainly never “disembod-
ied” from the knowledge systems required for their successful cultivation (except
much later when exported in bulk as commodities). Instead it was a gradual
demic diffusion that brought cultures into contact, thereby introducing them to
the technologies and practical knowledge of other cultures. Agricultural practices
required a detailed body of practical knowledge concerning strategies for sowing,
tillage, tending, harvesting and processing. With the adoption of these practices
we see the shift from a hunter-gatherer to a sedentary mode of existence; with the
emergence of sedentary cultures, new possibilities for the accumulation and spread
of knowledge opened up.

Ceramic technology, for instance, first attested around 8500 years ago at Ganj
Dareh in Iranian Luristan, may have spread westwards into Europe as part of the
Neolithization process.!? It is attested even much earlier in Eastern Asia. Ceram-
ics have been found at early Neolithic sites in southern China (e.g., in Mioyan,
Yuchanyan, Xianrendong and Diaotonghuan) in contexts dating as early as 16,000
years ago, while the earliest pottery in Japan, belonging to the Jomon culture, ap-
peared ca. 13,000 years ago.'! In the realm of music, specific instruments spread
widely across Eurasia. The arched harp, for example, is attested iconographically
at Choga Mish in southwestern Iran ca. 5400 years ago. A sign representing an
arched harp appears in the Harappan or Indus Valley script over 4000 years ago
and the instrument is attested in Vedic and later Buddhist sources, in Burmese
art and texts, at Penjikent in Sogdiana, on the Silk Road, around 1200 years ago,
and at Dunhuang in western China during the Song Dynasty (960-1279).12 All

9See (Liu et al. 2007).

10See (Hole 1987).

1See (Kharakwal et al. 2004).
12See (Lawergren 1994).
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in all, for many issues that were still controversial several years ago, the diffusion
argument seems to have won the day.!3

3.4 The Spread of Animal Husbandry and Implications for Long-Distance
Transport

The diffusion of knowledge across the Eurasian landmass, however, was not con-
fined to the gradual, overland expansion of small groups of people moving into
new areas and the ensuing exposure of other groups to their technologies. The
domestication of equids (Equus asinus and Fquus caballus) and camelids (Camelus
bactrianus and Camelus dromedarius) increased the possibility for disparate groups
to communicate with each other over great distances. These transport animals,
later also used for riding, constituted a new, faster means for the spread of not
only goods but also knowledge. In an earlier period, precious goods such as obsid-
ian, lapis lazuli, marine shells, ivory, copper, tin, silver, gold and electrum could
be traded through a series of relays from community to community or region to
region. Once transport animals became available, trade was greatly facilitated and
more complex large-scale economic structures developed. The domesticated Bac-
trian camel (evidenced in Inner Mongolia ca. 8100 years ago) facilitated long-range
Eurasian contacts three millennia or more before the historically attested Silk Road
caravan trade. The Bactrian camel had spread massively westward across the cen-
tral Eurasian steppes, beginning ca. 6000 years ago, reaching Syria a thousand
years later, demonstrating a dramatic increase in human mobility within regions
of Eurasia (Potts 2004). Arabian camel caravans were impossible until the much
later domestication of the dromedary after ca. 1000 BCE (Uerpmann and Uerp-
mann 2002). These developments made targeted trading expeditions and military
forays possible, and moreover made accessible regions hitherto inaccessible; as a
result, corridor-like connections emerged, spanning an extended geographical net-
work. Thus in this period, geographic knowledge must have increased and spread
dramatically.'4

New possibilities for maritime travel also emerged in the mid-Holocene. Ev-
idence points to the existence of early watercraft in the Persian Gulf ca. 8000
years ago. Nor was coastal sailing the only option for early mariners. The discov-
ery of banana phytoliths in the interior of Africa at the site of Munsa (Uganda)
in contexts some 5000-6000 years old—together with the absence of banana at
any intervening sites in Southeast Asia, India or the Arabian peninsula—strongly
suggests that the banana was transported by sea from its origin in Papua New
Guinea (Lejju et al. 2006). Until recently, most scholars did not believe the ba-
nana had been introduced into Africa until the first millennium CE. Intensive

13See chapter 4, in particular, section 4.2. Potts emphasizes that an examination of the spread of
the technologies underlying the production of certain artifacts offers an alternative to the study
of the spread of the end products themselves.

MFor further discussion of such corridor-like connections, see the survey of Part 3, chapter 9.
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banana cultivation in New Guinea is now known to have begun ca. 6500 to 7000
years ago (Denham et al. 2003). Thus trans-Indian Ocean sailing was a reality at
least 6000 years ago. Some 1500 years later, long-distance sailing between India,
southeastern Arabia and Mesopotamia was becoming routine.'®

By the end of the fourth millennium, Eurasia was well connected by trade
routes running along east-west and north-south axes. These routes allowed for
economic, technological and epistemic interchange. In contrast, in the Americas
similar processes took place, such as the domestication of plants and animals,
sedentariness, the development of technology such as ceramics and metallurgy
and ultimately even urbanism and writing, but the extent to which these devel-
opments were exchanged was limited. Greater geographical obstacles constituted
fundamental limits, impeding long trade routes. The climatic diversity resulting
from the north-south axis of the continents limited zones of population contact as
well as the transfer of agricultural achievements.!®

3.5 The Spread of the Proto-Indo-European Language as an Example
of Knowledge Disseminated Through Language

Knowledge also spread with language, as language spreads with migration, con-
quest and trade. Before 3000 BCE, speakers of a Proto-Indo-European language
began to spread throughout Eurasia.'” By the fifth century CE, we have firm
evidence that descendants of this language ranged from Ireland in the West to
the Xinjiang province of China in the East. The Proto-Indo-European language
was transmitted in part by demic migrations, but also through being adopted,
apparently as a prestige language, by indigenous alloglottic populations. With the
language were transmitted the social structures, religion, legal institutions, liter-
ary tradition, and medical and architectural knowledge of Proto-Indo-European
society. This knowledge and these institutions were transmitted in large part by
a technology of oral poetic composition that built upon and extended the poten-
tials inherent in spoken language; this is probably the first mnemonic technology
and almost certainly predates writing.!® Formulaic verbal expressions (e.g., legal
formulae) were a crucial vehicle for the transmission of the symbolic and tech-
nological knowledge of Proto-Indo-European culture; these could be embedded
in traditional oral poetry (as exemplified by the Homeric epics). Such formulaic
expressions can be reconstructed from literature of the descendant languages of
Indo-European, such as Hittite, Vedic Sanskrit, Ancient Greek and Latin.
Linguistic reconstructions attest a culture characterized by an aristocratic
class concerned with religious and military affairs; an organic conception of com-

15See (Cleuziou and Tosi 1994; Potts 1995), see also (Meyer et al. 1991) for evidence of long-
distance sailing between the environs of Zanzibar to Tell Asmar in northeastern Iraq. For an
overview of “the maritime Silk Road,” see (Ptak 2007).

16See (Diamond 1998).

17See (Cardona et al. 1970; Haudry 1981; Mallory and Adams 2006).

183ee (Rubin 1995; Watkins 1995).
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munity in which the structures of the whole society mirrored those of the individual
family; a public law based on contract; the practice of divination; and a tripartition
of medicine into surgery, pharmacotherapy and healing by spells or incantations.!?
Religion played a key role in the transmission of knowledge, and it has been ar-
gued that with rituals (and associated verbal recitations), specific geometrical and
architectural knowledge—needed to construct ritual altars—traveled from Central
Asia to India and Greece.? It is, however, still debated whether Indo-European
language and culture spread by means of agricultural diffusion, or by military ex-
pansion with a mostly nomadic form of economy. As a matter of fact, military
expansion is also often accompanied by the diffusion of technologies, military and
others and slave trade, as well as enslavement, in the wake of wars may serve the
diffusion of crafts and expertise.

3.6 Urbanization in Babylonia and the Invention of Writing

In the fourth millennium, we see the beginning of large-scale settlements in Baby-
lonia. At this time we also see, not coincidentally, the development of writing,
which in time will lead to a dramatic increase in the durability and transportabil-
ity of knowledge.?! The urbanization processes centered in Uruk and Susa, which
reached their acme in the middle of the fourth millennium, led to the develop-
ment of new cultural products, such as architecture, cylinder seals (as opposed to
stamp seals), the mass production of pottery, as well as proto-writing and proto-
arithmetic.22 The precondition of both the seals and of writing is the human
capability to represent experiences symbolically, a faculty that developed at least
30,000 years ago. Writing appeared around 3300 BCE in Mesopotamia; the largest
group of texts is from Uruk, but other text groups have been found in northern
Babylonia. A group of texts found in an Egyptian grave in 1989 may be contem-
poraneous with the beginning of writing in Mesopotamia, but most likely these
texts are somewhat later.2> The earliest documents are clay tablets with numeri-
cal notations and sealings that likely indicated institutional contexts. By ca. 3300
BCE, a system known as archaic cuneiform or proto-cuneiform had developed.
The vast majority of proto-cuneiform tablets were instruments for representing
practices of accounting and administration associated with the new urban culture.
This early writing was hardly, and possibly not at all, related to the structure of
spoken language. It thus did not represent the meaning of words or sentences,

19See (Benveniste 1945, 1969).

20See (Staal 1999).

21Gee (Nissen et al. 1993; Englund 1998; Woods 2010). See also chapters 5 and 6. The following
is based in part on comments by Jens Braarvig.

22 According to Damerow, local developments of writing and arithmetic have interacted in various
ways over the course of history. In the case of arithmetic, the end result was a unified system of
arithmetical notation and calculational methods. In the case of writing, historical globalization
processes have spread writing all over the world, but have neither led to a unification of languages
nor of writing systems (see chapter 6, section 6.1).

23For an overview, see (Stauder 2010).
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nor did it reflect grammatical structures of language, but rather meanings related
to specific mental models of societal practices such as accounting. It was on this
basis, however, that the second invention of writing, that of writing as a universal
means of codifying language, eventually took place.

Traditional studies have presented writing as a technology, the purpose of
which was to record spoken utterances with fidelity. This began with pictograms
and inevitably moved toward full alphabetic writing.?* Recent literacy studies,
associated above all with Jack Goody and Tan Watt (1963; 1986), conceived of
writing, in the words of Walter J. Ong (1986), as a technology that restructures
thought. In both lines of research we see emphasized, on the one hand, the form of
writing, and on the other, the consequences of writing. Both downplay the diverse
purposes of writing, the varying social needs that writing addressed in ancient
cultures and the emic perspective of how practitioners (professional scribes, lay
readers and so forth) themselves conceptualized writing.2

Writing arose in Mesopotamia, as we have emphasized, and for some time it
remained closely tied to practices of politico-economic administration. In Egypt,
writing was more closely tied to the display of monumental inscriptions which
served to legitimate the authority of priests and rulers. Here, the aesthetic aspect
of inscription was foregrounded and writing was closely linked to artistic and ar-
chitectural purposes. From these beginnings, writing began to be put to more and
more uses: epistolography, historiography, the recording of empirical observations,
belles lettres. With changes in function, adaptation to new societies with varying
socioeconomic structures, and adoption by different classes, writing took on new
forms, as in the transformation of hieroglyphic into hieratic and demotic, the evo-
lution of a predominantly logographic Sumerian cuneiform into a predominantly
syllabic Akkadian cuneiform, and in the development of the West Semitic writing
systems.

From the perspective of writing as an external representation of knowledge,
it is necessary to compare the various ways in which writing encodes knowledge.
The earliest writing was primarily, if not exclusively, non-glottographic, that is,
its structure was not derived from that of spoken language (Hyman 2006). Later,
we find writing exhibiting a closer dependence on spoken language, but appar-
ently still sometimes encoding event structure more or less directly, rather than
linguistic structure. Thus we often find indications of actor, action and object,
while grammatical morphemes are absent or underrepresented, and modality, for
instance, lacks any exponentiation whatsoever.

Writing also plays a key role in the standardization or canonization of knowl-
edge: in standardizing systems of classification (e.g., Sumerian lexical lists), legal
codes (e.g., Hammurabi’s Code, Deuteronomy, the XII Tables), calculation tech-
niques (e.g., mathematical tablets), and literary texts (e.g., the vulgate of the
Homeric epics). Likewise writing, in fixing certain knowledge (e.g., astronomical

24Gee, for example, the work of Ignace J. Gelb (1952, 1963).
25For more recent studies, see (Halverson 1992) and (Collins and Blot 2003, in particular, 9-33).
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diaries), allows reflection on that knowledge and the generation of more abstract
theories or models (such as arose in Babylonian or Greek science).26

Concomitant with the invention and use of writing, a number of fields of
knowledge were accordingly facilitated and developed during the third millennium
BCE to serve the state—the developing bureaucracy of administration, military
activities—and trade and religion, viz. accounting and lists of resources, metrol-
ogy, mathematics, medicine, formalized law, lexicography, historiography and po-
etic literature both inside and outside of the religious sphere, not to mention the
tremendous activities concerned with “scientific” divination.?” With the advent
of writing, trade and the exchange of goods on a larger scale were also developed,
accompanied by written contracts, agreements and systematic and regulated forms
of communication, also developing into multilingual formats.

3.7 Multilingualism, Language Contact and the Spread of Knowledge

The ancient Near East is not only the site of the earliest known writing, it is also
the first location for which we possess evidence of a multilingual culture. From
the beginnings of Sumerian literature, there is already evidence (lexical and ono-
mastic) for a diverse multilingual society in which there were not only speakers of
Sumerian, but also of languages belonging to the Semitic family. Incantation texts
in both Sumerian and Semitic versions existed as early as the Fara period (ca. 2500
BCE) and suggest a culture in which Sumerian was a “foreign” language for many
scribes. Starting in the seventeenth and eighteenth centuries, we find Old Babylo-
nian Grammatical Texts in the form of Sumero-Akkadian and Akkado-Sumerian
glossaries. These texts not only bear witness to a culture that explicitly recognizes
its own multilingualism, but also constitute the first historical moment at which
humans began to engage in a significant reflection on their own language(s)—at
this moment metalinguistic knowledge was born. That Sumerian already existed
in a bilingual culture as early as the Fara period is also suggested by the fact that
many of the scribes appearing in the colophons in the Abu Salabikh texts from
the Fara period had Semitic names, even though otherwise the texts themselves
never include Semitic linguistic forms.?®

Ancient multilingualism is further attested by the culture of scribes working
with several languages. Additional evidence is found in the frequency of transla-
tion, for example, from Akkadian to Hittite and Hurrian, from Hurrian to Hittite.
We find, for example, the Gilgamesh Epic in a number of translations. Akkadian
was used as a diplomatic language and lingua franca for the Hittites and Ugarit roy-
als to communicate with their Egyptian counterparts. This amply demonstrates

26See chapters 6, 7 and 8.

27See chapter 7. A standard reference is (Neugebauer 1957). For the historical context of the
emergence of mathematics, see (Robson 2008; Damerow 2010).

28See (Biggs 1966; Biggs and Postgate 1975; Cagni 1981; Krebernik 1984, 2007). For a general
overview, including all relevant literature, see (Krebernik 2007).
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how states chose to communicate with each other in a third standard language
as early as the second millennium BCE. The Persian Empire, and later also the
Asokan Empire in India, used multilingual media to communicate their decrees
and ideas to their multilingual empires, remains of which we find in the Behistun
inscription and the famous inscriptions of ASoka in Maghadi, Aramaic and Greek,
where Asoka promulgates religious tolerance to both his own empire and to his
neighbors. As recent research in anthropology, linguistics and psychology has am-
ply demonstrated, multilingualism is the norm in human culture. The history of
civilization is largely a history of peoples who, to varying degrees, have negotiated
a multilingual environment, created by factors such as population movements and
expansions, exogamy and economic insufficiency.

3.8 The Spread of Babylonian Culture

The knowledge connected with Babylonian cultural products, including writing,
spread over large areas of the Near East, from the Levant to Iran. It is not always
clear to what extent such techniques were adopted by local cultures with long-
term effects, or whether they remained merely a superficial contact phenomenon.?’
Following the Uruk period (3400-3000 BCE), a fragmentation of societies can be
observed, a phenomenon that can be attributed to ecological and demographic
changes. Common cultural traits, however, such as the technique of writing, were
preserved and even further developed.3?

Around the middle of the third millennium we see a major interregional con-
tact sphere that must have promoted considerable cultural exchange in the in-
terconnected societies. Even before the emergence of the first contemporaneous
empires, during the period of feuding “city states,” cultural technologies such as
writing had already spread from southern Babylonia to the Levant (i.e., Ebla).
Writing had also undergone significant changes in the meantime and was now
phonetically representing the structure of spoken language (Krebernik 2007). As
early as 2500 BCE, we find written collections of proverbial sayings (Alster 2005,
in particular, 31-220). Long-term record keeping is also attested for the first time.
The Old Akkadian centralized state (ca. 2350-2200 BCE), incorporating various
traits of its predecessors, attests to the emergence of newly ordered institutions
(kingship, standing armies, palace administration) and significant processes of
standardization in writing, metrology and other areas. During the subsequent Ur
III period (ca. 2100-2000 BCE), known for its enormous administration, we find
the first traces of new forms of written literature and historiography, which built

29 Cancik-Kirschbaum emphasizes the need for a host of techniques to access the knowledge
stored in writing (chapter 5, section 5.1). She argues that writing should not be conceived
as automatically fostering the globalization of knowledge, since it requires a high degree of
specialization and practices that are localized both in space and time (section 5.4).

30For the Uruk period, see (Englund 1998).
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to a large extent on older traditions and established a framework for the cultural
identities of ensuing societies.?!

The organization of society underwent tremendous changes in the following
periods. In addition to the temples, we find a largely independent state adminis-
tration, as well as a tendency toward increased individualization and privatization,
including the possibility of private property and individual economic ventures. As
far back as the Old Assyrian (ca. 1950-1750 BCE) and Old Babylonian (ca. 1850~
1600 BCE) periods, we already observe a reduced number of cuneiform signs in
use, which facilitated everyday communication, attested in letters and adminis-
trative documents. This process, which can be thought of as a “democratization
of writing,” is paralleled by the slightly later invention of alphabetic scripts in the
Levant.32

New forms of written knowledge that appear in this period include: gram-
matical texts; divination texts; lists, which will eventually evolve into specialized
genres such as star-lists; historiographical texts, such as copies of Old Akkadian
royal inscriptions; the first Akkadian literary corpus; private legal documents;
“mathematical” texts; healing texts; astronomical texts; and so on. In this period,
we also find a number of multilingual lexical lists, documenting the written and
formalized multilingualism in the area, which throughout history is characterized
by great language diversity. Some of these texts had precursors, but the level
of systematization attempted, and in part achieved, during this period sets them
clearly apart from earlier texts. A major part of this literature was transmitted
and preserved in schools linked to the temple rather than to the palace administra-
tion (which represented the actual seat of power during this period). For the first
time we can observe a clear knowledge dichotomy between state institutions and
religious institutions. This opposition became crucial in the creation and trans-
mission of knowledge for the remainder of Mesopotamian history and persists to
the present day.?3

The canonization of Babylonian literature took place to a large extent dur-
ing the Kassite Dynasty (ca. 1600-1300 BCE) (Lambert 1957). We can interpret
this process as a conscious attempt to incorporate existing patterns of knowl-
edge. This knowledge spread far beyond the borders of Mesopotamia to Anatolia,
Iran and even to some extent to Egypt, influencing local knowledge traditions.
As Mesopotamia became an international power from the twelfth century BCE
onwards, the collecting of knowledge was increased and became a thoroughly sys-
tematic enterprise. The attempt to organize knowledge systematically led to the
accumulation of vast amounts of knowledge, particularly in the areas of astronomy

31For the early dynastic period, see (Bauer 1998; Krebernik 1998) and for the Ur III period
(Sallaberger 1999).

32For the Old Assyrian and Old Babylonian periods, see (Charpin et al. 2004; Veenhof and Eidem
2008).

33For the Old Akkadian period, see (Westenholz 1999). Further discussion can be found in the
survey of Part 2 (chapter 9).
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and meteorology.3* In this period, Akkadian was a lingua franca and a powerful
instrument of the diffusion of knowledge, as it was used as a diplomatic language
as well.

Writing spread beyond Mesopotamia, and this spread constituted the precon-
dition for the diffusion of other kinds of knowledge from Mesopotamia. Minoan
writing appeared in the context of the palace economy on Crete around the turn
of the third to the second millennium BCE. Two different systems of writing ex-
isted, both undeciphered: the so-called Cretan hieroglyphs and the syllabic Linear
A script. These systems almost certainly are the result of stimulus diffusion from
Mesopotamia. Writing spread subsequently to the Greek mainland, where it is
seen in the Mycenaean culture (which emerged around 1600 BCE); at this time,
the Linear A script is replaced by Linear B (ca. 1500 BCE), a largely syllabic
script (also including some logograms) for encoding the Greek language. Linear B
was used in the administration of the complex agricultural economy of Mycenaean
civilization, with tablets from Knossos and Pylos documenting taxes, deliveries of
goods, rations for workers and other such administrative practices. By the end of
the second millennium the Mycenaean civilization had collapsed, for reasons that
still remain unclear, and the Linear B script was no longer used.?

On the island of Cyprus, an undeciphered script termed Cypro-Minoan (usu-
ally interpreted as having three varieties) was employed in the second half of the
second millennium. This script apparently derives from Linear A and is the source
of the Cypriot syllabary, which came into use toward the end of the first millen-
nium and remained in use well into the period when Greek alphabetic writing was
employed on the mainland, being replaced entirely by the Greek alphabet only in
the fourth century BCE.

Current consensus dates the Greek alphabet to around the ninth century
BCE.?¢ The alphabet was modeled upon that of the Phoenicians. But whereas
Phoenician and West Semitic alphabets in general possessed characters only for
consonants, the Greek script adapted certain Phoenician semi-vowel characters
(known as matres lectionis, for example, w, y) as vowels. Phoenician/Greek contact
was extensive in the ninth century, and it has been argued that the alphabet shows
signs of influence from the Cypriot syllabary, thus suggesting perhaps an origin
in Cyprus (where there existed a significant Phoenician presence). A West Greek
alphabet constituted the model for the creation of the Etruscan (before 700 BCE),
the Latin (seventh century BCE) and Cyrillic (ca. ninth century CE) alphabets.
Latin and Cyrillic eventually became two of the most frequently used scripts in
the world.

34See chapter 7.

35For the spread of writing from Mesopotamia, see (Sasson 1995; Houston 2004; Baines et al.
2008).

36For a discussion of the Greek alphabet, see (Woodard 1997; Krebernik 2007a).
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3.9 Greek Science and Its Counterparts

Knowledge of Mesopotamian and Egyptian astronomy, cosmology, medicine and
arithmetic diffused gradually into the Greek world. Earlier it had diffused into the
Persian Empire in the wake of its conquests, a diffusion that in turn influenced
the Greeks.>” We see reflections of this knowledge back around the eighth century
in the poet Hesiod, who was influenced by the Phoenican and Hittite cultural
traditions and to a lesser degree even earlier in oral Homeric poetry. But it is
in Miletus, in Asia Minor, where we find in the late seventh and sixth centuries
BCE the first speculative writings in Greek concerning natural philosophy. As a
trade city, Miletus was well connected to the developed literate societies of the
Near East and thus open to the import of Near Eastern knowledge traditions.
Hippocrates, generally considered the founding figure of Greek medicine, came
from the island of Cos, only a short distance from Caria, part of the Achaemenid
Persian Empire, which also embraced the ancient cultures of the Near East. In
this empire, stretching from Egypt to India, Aramaic was the lingua franca. Thus
Greek medicine emerged in a multiethnic, multilingual context, in which Near
Eastern knowledge concerning healing would certainly have been known.38

While Babylonian texts conveyed primarily first-order knowledge, such as
astronomical and meteorological observations or particular medical techniques,
Greek science turned in a more theoretical direction and authors presented a great
amount of second-order knowledge, such as predictive models or methodological
reflections that constituted, at the same time, knowledge about observed regu-
larities and knowledge about this knowledge, in particular about its production
and validity. This is not to say that the Babylonians did not produce second-
order knowledge, but such knowledge is scarcely found in their texts. Possibly
the strong state and religious institutional contexts in which Babylonian knowl-
edge was produced allowed for a considerable background of shared second-order
knowledge that simply did not need to be documented.?® In any case, although
the Greeks came to acquire Babylonian first-order knowledge in areas such as as-
tronomy, Greek thinkers engaged in new reflection concerning this knowledge and
generated the distinctive second-order knowledge that was the hallmark of Greek
science, for mathematics as well as for medicine.? In fact, the medical theory of
four humors may well be considered as the same kind of second-order knowledge
as Pythagorean mathematics, with humoral theory offering a unified formula to
explain diverse medical data.

Although in Greece, writing constituted an important precondition for the
extensive accumulation of second-order knowledge, writing is evidently not a nec-

37See (Ray and Potts 2007).

38See chapter 8.

39Note, however, that the long-term comparison of astronomical observations performed at dis-
tant places and at distant times in Babylonia required a control of the meaning of the terms used
to describe the recorded events, as emphasized by GraBhoff (chapter 7, section 7.2).

40See chapter 8.
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essary condition for such an accumulation. In early India, a purely oral culture,
reflection upon the sacred Vedas, facilitated by elaborate mnemonic techniques,
allowed for the generation of extensive second-order knowledge, best illustrated by
the fifth-century grammar of Panini, which consists of an elaborate system of ap-
proximately eight thousand rules expressed in highly abbreviated sutra form that
allow for the generation of virtually all word forms of the Sanskrit language.*!

The spread of Greek science, including natural philosophy, medicine, mathe-
matics and astronomy, can be summed up in five major phases, although knowl-
edge of Greek science traveled sporadically via other routes, resurfacing in many
places.*? In the first phase, science, which began in Asia Minor and Ionia, is
relocated to Athens, as the power, wealth and prestige of that city increases.
The second phase, which takes place during the Hellenistic period, involves the
spread of science to major international hubs, especially Alexandria, Byzantium
and Rome. The third phase comprises first the Syriac, the Persian and then the
Arabic translation movements.*? In the fourth phase, Greek science reenters the
Latin West, partly via translations from Greek into Latin, partly via Arabic trans-
lations, often then in turn translated into Latin. The fifth phase is the recovery of
scientific texts in the Greek original by the humanists and subsequent appearance
of numerous commentaries both in Latin and in the vernaculars.4

In Greece, traditions of natural philosophy and science initially emerged within
a polycentric urban context with limited institutionalization before the Hellenistic
period. The growth of scientific knowledge was largely sporadic, determined by the
interests of a small number of individuals, despite attempts at systematization,
such as those by Aristotle and his Peripatetic successors. The institutionaliza-
tion of science and an attempt at systematic accumulation of knowledge began in
the Hellenistic age, but was limited by the dependence on a few large hubs that
were not part of a robust network and which constituted critical points of failure
(witness the destruction of the library at Alexandria).*> Nonetheless, Hellenistic
science was able to make significant advances in certain areas, such as astronomy,
as a consequence of the fact that the Hellenistic world now included Babylonia,
and hence Greek thinkers had direct access to Babylonian texts and the knowledge
of Babylonian practitioners. In Rome, there was substantial development of new
second-order knowledge, especially of a technological variety, but this knowledge
was deeply embedded in institutions such as the Roman army, and much of it was
not written down. This institutional embeddedness of sophisticated second-order
engineering knowledge, that is, generalized knowledge generated from reflection on
accumulated practical experiences, together with a consequent lack of motivation
to document the knowledge, paralleled the situation earlier in the Persian Empire
and earlier still in Babylonia. Roman encyclopedists such as Pliny did, however,

41See (Scharf and Hyman 2012).

42For an overview focusing on mathematics, see (Szab6 1978).

43See also the discussion in Part 2 of this volume.

44For an exemplary longitudinal study, see (Renn and Damerow 2012).
45For an overview, see (Russo 2004).
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assemble a considerable amount of Greek knowledge, as well as knowledge from
other sources, and enable the transmission of this knowledge through the Euro-
pean Middle Ages. The encyclopedists, however, were in general indiscriminate
with respect to the quality of their sources and presented knowledge in a largely
unsystematic fashion.*6

Greek science failed to develop further as a consequence of the fact that there
was no social network sufficiently robust to preserve it.%” Nonetheless, much of the
knowledge, both first and second-order, was preserved as a result of the technology
of writing, although it must be noted that the lack of durability of the writing
materials necessitated the continual recopying of texts—an activity that required
extrinsic motivation. Still, Greek science has been preserved, at least in part, to
the present day, and practices of Greek science continued, although in piecemeal
fashion, in Rome, Persia, Byzantium, Arabia and Europe, without any complete
break. There was, however, little accumulation of knowledge and addition to the
body of Greek knowledge before the Islamic period. In general, social conditions
were such that a stable and self-perpetuating science did not emerge until early
modern Europe. It is telling that Greek science had to be rediscovered so many
times; that there were so many renaissances. As we shall see in Part 2, each of
them exposed science to a new level of globalization, integrating it with knowledge
traditions of other origins.

Science involving second-order knowledge documented in writing emerged
in China at about the same time as in Europe, and in a similar social context
that was characterized by competing urban centers and competing philosophical
schools, such as Confucianists, Sophists and Mohists.*® Only in the latter school
did knowledge about the natural world and methods for justifying such knowledge
play a prominent role. The conditions for transmitting this knowledge in China,
however, differed from those in western Eurasia. With the emergence of central-
ized control in China under the Qin Dynasty from 221 BCE, a state-sponsored
neo-Confucianist hegemony effectively prevented any philosophical heterodoxy. As
a result, in China there was not even the punctuated tradition of the ancient scien-
tific writings that took place in Europe. Thus it appears that scientific knowledge
is more effectively preserved by distribution than by centralization. But when
surveying the historical and geographic spread of scientific knowledge, it should
not be overlooked that, whatever its fate, there is continual evolution of all other
kinds of knowledge, so that a rediscovery always constitutes in effect a spoliation,
a placing of older knowledge into a completely new context. When Greek science
was appropriated in early modern Europe, so much had changed in the mean-
time—and, notably the technology of writing had diffused, diversified and been

46See (Thorndike 1923), see also (Collison 1964).

47For a study of Greek culture in terms of network analysis, see (Malkin 2011).

48See chapter 11; see also (Renn and Schemmel 2006). A standard reference is (Needham 1988).
For a comparative assessement of Greek and Chinese science, see the work of Lloyd, in particular
(Lloyd 1996, 2002).
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altered by the new technology of printing—that instead of Greek science being
reborn, what was born was modern science.

3.10 Interpreting Early History with the Help of a Typology
of Knowledge

To approach this historical material systematically, it is necessary to focus on
knowledge, even where the archeological record gives us only artifacts.*® Thus,
for instance, a narrow approach that ignores knowledge in the archeological study
of metallurgy or ceramics may fail to recognize that apparently different products
were created with the same technology, and thus the same knowledge. Moreover,
it is not sufficient to treat knowledge as homogeneous, but necessary rather to
recognize that knowledge is of radically different types. Otherwise one runs the
risk of ascribing anachronistically the reflexivity, distributivity and systematic-
ity of our knowledge to the knowledge of individuals or groups in a particular
historical situation. As explained in the introduction, reflexivity characterizes the
degree to which knowledge arises from reflection upon, and abstraction from, other
knowledge; it ranges from intuitive knowledge to higher-order knowledge, such as
scientific knowledge. Distributivity characterizes the extent to which knowledge
is shared; it ranges from individual knowledge to globalized knowledge. System-
aticity characterizes the degree to which knowledge complexes are integrated and
internally organized; whether we deal with packages or systems of knowledge.
Taking these dimensions into account is particularly crucial when assessing
the emergence of higher-order forms of knowledge, such as writing, arithmetic and
science. Scholars once assumed that the earliest writing must represent language,
because they falsely assumed that writing is a context-free, universal means for rep-
resenting language.®® In other words, they failed to recognize that these attributes
that apply generally to writing today arose from reflection upon the operations
made possible by the earliest writing, which was a specific technology associated
with particular administrative processes, and which was used only by a small num-
ber of scribes who shared a large complex of practical knowledge. Similarly, schol-
ars erred in inferring that the Babylonians knew the Pythagorean theorem from the
evidence that they performed certain arithmetic operations that produced results
identical to those that we would achieve by applying the Pythagorean theorem.®!
This error arose from the failure to appreciate that the Pythagorean theorem was
the consequence of reflection upon operations of this sort and that the type of
systematicity achieved in Greek mathematics was a property of Babylonian math-
ematics as well. A closer examination of the practices of Babylonian mathematics
indeed shows that the arithmetic operations associated with computing the area
of a triangle were part of a quite different knowledge system. But whereas Eu-

49This argument has been emphasized in (Renfrew and Zubrow 1994; Renfrew 2009).
50Gee, also for the following section, chapters 5 and 6.
51See (Damerow 2001).
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clidean mathematics is a tightly interwoven deductive system motivated by formal
procedures of justification, Babylonian mathematics is essentially a looser system
of heuristic procedures.

It is also necessary to employ a fine-grained typology of knowledge if one
is to study its transfer. Thus until modern science is globalized, becoming a
dominant means by which knowledge is transmitted, first-order knowledge travels
far more easily than second-order knowledge. Hence Greek astronomers were able
to take over the copious astronomical observations (first-order knowledge) of the
Babylonians, but from these they constructed their own astronomical theories
(second-order knowledge). Babylonian astronomy, inasmuch as it was a system
comprising first- and second-order knowledge, was deeply embedded within state
and religious institutions that were unique to Babylonian society; thus it could
not be adopted wholesale by the Greeks, but rather served as source of individual
data constituting first-order knowledge.?? Ultimately, a typology of knowledge is
needed for any account of the history of knowledge that aspires to an explanation
of emergent phenomena, such as the rise of science, avoiding teleological fictions
that imagine history as inexorably leading to the present-day situation.

3.11 From Practical via Symbolic to Scientific Knowledge

In the early phase of technology transfer, what is transferred is mostly practical
knowledge and never technological knowledge proper, as the latter requires repre-
sentations that enable reflection, which were unavailable in prehistory. Practical
knowledge traveled through demic movement and population contacts. Even back
in the Neolithic, practical knowledge relating to agriculture reached a regional
degree of distributivity. Symbolic knowledge was always available to Homo sapi-
ens in the form of spoken language, but only with the symbolic revolution of the
Upper Paleolithic was knowledge symbolically represented in durable media. The
technology of writing, which came into being with the creation of the centrally
administered state, greatly expanded the potential of symbolic representation by
allowing for complex and formal systems of interrelated symbols that could reli-
ably represent knowledge of complex situations. As writing came to be associated
with spoken language, the integration of the two symbolic systems made possible
the durable and external representation of any sort of knowledge, and radically
decreased the degree to which writing was bound to a particular context. With
the existence of Babylonian “mathematical” tablets, on which standard operations
are performed with unrealistically large numeric parameters, we see a form of ex-
ploratory arithmetic knowledge, demonstrating that arithmetic is becoming less
context-bound and more autonomous.?® Such exploratory knowledge constituted
scientific knowledge in the sense of higher-order knowledge resulting from reflect-
ing on experiences with the material world. Science in fact emerged when the

52G8ee chapters 7 and 8.
53See chapter 6.
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means for mastering the material world, be they accounting systems or mechani-
cal instruments, were explored for the sake of gaining knowledge, independent of
their practical ends.%*

Originally writing had only a local distributivity, but with time writing as
well as arithmetic spread to a regional extent and eventually became globalized.?®
Writing was the technology that allowed the Babylonians to record their first-
order knowledge of the physical world and permitted the transmission of this
knowledge to the Greeks.?® The Greeks, inspired in part by knowledge transmitted
from Babylonia and elsewhere, constructed theories of cosmology, mathematics,
astronomy, medicine and philosophy that comprised scientific knowledge. These
complex systems of scientific knowledge exhibited a hitherto unprecedented degree
of systematicity. The distributivity of this knowledge was limited to the region
of the (expanding) Greek world, but the fact that these scientific systems were
written down allowed their transmission to later cultures, stimulating the creation
of new scientific knowledge, and ultimately a scientific revolution that eventually
rendered science truly global.

3.12 Knowledge Representations in Early History

Just as it is useful to distinguish between different types of knowledge, it is impor-
tant, for a historical account of its development, to take into account the different
forms of representation and their specific repercussions on the structure and spread
of knowledge. We therefore first look at some fundamental properties of external
representations, that is, their portability, their durability and their reproducibil-
ity. Then we consider the opportunities and limitations of early writing. Finally,
we turn to some examples from different historical periods of the implications of
different forms of representations of knowledge, ranging from first-order knowledge
to mental models.

As explained in the introduction, knowledge of any type is always bound to
a particular representation, either internal (i.e., cognitive), or external (i.e., in
the world). The form of representation always has implications for the struc-
ture of knowledge, for the operations that can be performed on the represented
knowledge, and for its potential for transmission. External representations of
knowledge make possible reflection upon the knowledge represented, which leads
to new higher-order knowledge.?” In fact, much individual knowledge is acquired
from shared knowledge that has an external representation. Once knowledge is
represented externally, it is subject to transfer in a knowledge economy. Particular
knowledge representation technologies shape this economy in different ways since
these technologies vary along a set of economic dimensions. Some dimensions that

54See (Damerow and Lefévre 1981; Damerow 1998).
55See chapter 5.

56See chapters 7 and 8.

57See (Damerow 1996).
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are important for the transmission of knowledge are portability (can the represen-
tation travel, and if so, how fast?), durability (how lasting is a representation?)
and reproducibility (how easily can a representation be copied?).

In early technology transmission, the technological artifacts themselves con-
stitute external representations of knowledge.?® In the case of stimulus diffusion,
the artifacts are the primary or only means of transmission. Even in the case
where technology is taught, however, the knowledge externally represented in the
artifact is of importance. With the Upper Paleolithic symbolic revolution, the
first external representations specifically intended to represent knowledge come
into being. Formulaic verbal expressions (e.g., legal formulae) are a crucial vehicle
for the transmission of the symbolic and technological knowledge of preliterate
cultures, such as the Proto-Indo-European culture discussed in section 3.5.

Writing constituted the first external representation of knowledge that was
governed by formal semiotic rules.?® In principle, writing was highly suited to
travel, since it was portable, durable and reproducible. The extreme context-
dependence of the earliest writing, however, made it difficult for writing to move
beyond the particular institutional context in which it was embedded. As writing
came to represent structures of spoken language and became increasingly phonetic,
its context-dependence decreased and it began to spread widely. Over time, writing
came to be employed in an increasing number of text genres, some having a parallel
in spoken language and some made possible only by the technology of writing.
Media of writing varied, with the clay tablet predominating in Mesopotamia, and
papyrus important in Egypt and Greece. These media had important implications
for the durability of the knowledge represented.

In Babylonian science, while first-order knowledge was represented in writ-
ing, second-order knowledge was represented mainly in institutions and was thus
less portable. Greek science represented both first- and second-order knowledge in
writing, thus lending portability and durability to its second-order knowledge.®°
Knowledge of technology often was not sufficiently represented in writing such
that the knowledge could not travel without the technological artifacts themselves,
which functioned as representations of additional knowledge. Moreover, the prac-
tical knowledge of practitioners was often not written, with the consequence that it
was lost. Artifacts such as the balance and the gnomon were constructed primarily
by means of practical knowledge, but reflection upon these objects led to a higher-
order knowledge, with reflection upon the balance and lever, for instance, leading
to the balance-lever mental model, which could be applied to such apparently dif-
ferent objects as the oar of a boat.®! The emergence of specialized forms of writing
of a diagrammatic nature allowed knowledge of certain technologies to travel in
the absence of the technological artifacts. A striking early form of the diagram is

58See chapter 4.

59See chapters 5 and 6.

60See chapters 7 and 8.

61See (Renn and Damerow 2007, 2012).
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found in Babylonian field plans, which encoded, among other knowledge, knowl-
edge about the geometric computation of areas.’2 There are also both Babylonian
and Greek maps which are the external representations corresponding to internal
mental models of space. A significant innovation in Greek mathematics was the
lettered diagram, which was crucial in the transmission of the knowledge system of
Euclidean geometry.5? Still, this knowledge depended on shared practical knowl-
edge regarding the ruler and compass construction. Later, we find diagrams of
different sorts playing an increasingly important role in the representation and
transmission of technological and architectural knowledge. Even machines can
be designed as external representations of mental models, with the Antikythera
mechanism (second century BCE), which was an elaborate mechanical computer
designed to calculate the position of celestial bodies, being the most celebrated
and spectacular example from antiquity.5*

3.13 A Typology of Transmission Processes

After having considered the typology of different forms of knowledge and that of
its external representations, we now turn to the characteristics of transmission
processes. Knowledge transmission processes vary along three basic dimensions.
The first is mediation: is the knowledge transmitted through direct personal con-
tact or through external representations? In immediate transfer, the principal
external representations are ephemeral—speech and action. The two main pro-
cesses of immediate transfer are imitation and instruction. In mediated transfer
the external representations may or may not be explicitly designed to represent
knowledge. Stimulus transfer is a paradigmatic case of transmission via a rep-
resentation not explicitly designed to represent knowledge, while transmission by
writing is a paradigmatic instance of the other case. The second dimension is di-
rectness: for the transmission process considered, was the knowledge transmitted
directly from end to end, or were there relays? The third dimension is intention-
ality: is the knowledge transmitted intentionally or accidentally?

Transmission processes must always be studied within the interaction sphere
of the transmitting and receiving actors constituting an epistemic network. A his-
torical background condition is the varying mobility of actors, be they individuals,
social groups, or societies. Receivers of knowledge should not be conceived of as
passive, since they may resist the transmitted knowledge or appropriate and adapt
it to their own knowledge in an equilibration process.’> The transmission of indi-
vidual items of knowledge or relatively specific knowledge complexes occurs much
more frequently than the transmission of large systems of knowledge. In the words
of Cyril Stanley Smith, “a human culture, existing at the apex of a long chain of

62See (Damerow 2012).

63See (Netz 1999).

64See (de Price 1974; Freeth et al. 2006; Freeth 2009).
65See chapter 14.
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historical selectivity, cannot easily incorporate large chunks of another” (Smith
1977, 84). Knowledge may also be so embedded in culturally specific institutions
that it is difficult to extract and hence difficult to transmit. Or the processes of
extraction may so radically change the structural relations of the knowledge to
other items of knowledge that the knowledge extracted is transformed into new
knowledge. Another type of embeddedness is found in complex codes (semiotic
systems) that depend on meta codes (that is, rules from outside the representa-
tional system).%6 Transmission processes are not simply either successful or not,
but always involve selection and transformation; thus writing becomes a selective
force in the transmission of knowledge, as what is not written is usually lost.5”

In prehistorical knowledge transfer, both immediate and mediated processes
must have played a role. Long-distance transfer was almost certainly by relay.
Stimulus diffusion is an instance of a mediated but accidental process. Even when
direct transfer took place, however, we cannot overlook the significance of the
technological artifacts themselves in knowledge transmission. The importance of
technological artifacts continues into Babylonian and Greek science and continues
to play (an often ignored) role even in present-day science.%® In the case of oral
transmission, both instruction and imitation play a role; and we can infer from
present-day cultures where bodies of knowledge are transmitted orally that bards
first served as apprentices to a master. The transmission of orally encapsulated
knowledge through time and space is an instance of transmission by relay.

Although writing was not initially a means for the transmission of knowledge,
it began to assume that role quite early and became the dominant means for
the mediated transmission of knowledge from the second millennium BCE on.
Since some writing materials, such as papyrus, were of limited durability, texts
needed to be copied, another instance of relay transmission. The transmission
of knowledge via writing required the transmission of the knowledge of how to
write, typically by instruction. As writing spread to different cultures, which
spoke different languages and/or had different media of writing available, the
technology was adapted to local conditions. We see this adaptation, for example,
in the spread of cuneiform to Elam or Anatolia (to write Hittite), or the spread
of the Phoenician alphabet to Greece. Such a process of transmission followed
by adaptation to local conditions can also be seen in prehistoric metallurgy and
ceramic technology, which was transmitted, but then employed for the making of
products markedly different from those made elsewhere.®® In the ancient world,
scientific knowledge spreads intermittently, since it can lie dormant in writing, with
a Greek mathematician, for instance, picking up a problem from a mathematician
who lived decades or even centuries earlier.

66See chapter 21.

67See the extensive discussions of the concept of transformation in (Renn and Damerow 2007;
Damerow and Renn 2010; B6hme et al. 2011).

68See, for example, the discussion in (Daston 2000).

69See chapter 4.
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3.14 From the Early History of Knowledge to the Origins of Science

Let us briefly summarize the early history of knowledge and its long-term conse-
quences. Sociocultural evolution inherently involves knowledge that is efficacious,
either with respect to the physical world or with respect to the social world. Once
external representations of knowledge that are intended to represent knowledge
are exchanged, there can be said to be a knowledge economy. At first this knowl-
edge economy was almost completely tied to the underlying economy of labor. For
example, literacy was closely correlated with socioeconomic status, and in Babylo-
nia astronomical knowledge was pursued for agricultural and legitimatory ends, so
that the pursuit of astronomical knowledge was ultimately motivated by economic
concerns.

But when institutions devoted to the production and exchange of knowledge
emerged that were emancipated from other labor, the knowledge economy became
in principle decoupled from the economy of labor, although there some degree of
entanglement always remained. The emergence of institutions centered around
the production and exchange of knowledge made first exploratory knowledge and
then science possible, as knowledge could now be pursued for the sake of means
rather than ends. In the ancient world, we see several incipient beginnings of
science. But epistemic evolution had not yet begun, because there was a severely
limited number of hubs of knowledge production, and the network linking these
was both fragile and inefficient. Only with the rise of science in the early modern
period, economic and social conditions allowed for a robust and scale-free network
sustaining the knowledge economy. At this point, the labor economy became
increasingly dependent on the knowledge economy, and eventually, change in hu-
man society became driven by epistemic evolution, giving rise to socioepistemic
evolution although the layers of sociocultural and biological evolution persisted.

Human sedentariness, together with the technologies that sedentariness en-
abled (e.g., metallurgy, ceramics) was a contingent historical development. The
economic structure of sedentary societies, however, generated the capability for
and the impulse to expansion, exploration, contact and borrowing (accumulation
of knowledge).” Thus when sedentariness emerged, it began quickly to spread,
transporting a package of knowledge as well. Sedentariness spread both from the
West and East, effectively allowing for the transmission of knowledge throughout
the whole of Eurasia, with transmission impeded in certain places by geographic
obstacles.

The centrally administered state arose in Mesopotamia together with the tech-
nologies of writing and arithmetic. These two technologies sprang from the same
origin, that is, from large-scale administrative experiences, but soon grew widely
divergent.”* These technologies had two reflective consequences: the formation of

"OFor the spread of knowledge before sedentariness, see (Sahlins 1972). For discussions of the ne-
olithization process, see (Cauvin and Watkins 2000; Hodder et al. 2001; Kozlowski and Aurenche
2005).

71See chapter 6.
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arithmetic concepts and the formation of metalinguistic awareness. Once writing
came to represent language, it caused reflection upon language, and this reflection
in turn altered patterns of use in language, thus restructuring language. Internal-
ization of the technology of writing created a mental model of writing that could
be applied to diverse contexts. Thus the Babylonians saw “heavenly writing” in
the skies and priests “read” organs in extispicy. Later, the model allows authors
from Augustine through the early modern period to consider a “book of nature,”
and today we apply the model in contexts ranging from the transcription of DNA
to the “read” and “write” operations of computer I/0.

Although writing is probably not a necessary condition for scientific knowl-
edge, in the Greek world science developed through the reflective potentials offered
by writing and transmitted geographically and historically by writing. The his-
tory of knowledge is a layered history, in which more recent knowledge is built
upon successive layers of older knowledge. Thus Greek science rested on writing,
a technology that had once served narrow ends of civic administration. The ear-
liest writing, in turn, presupposed knowledge of even earlier symbol systems, as
well as the practical knowledge of creating materials suitable for writing on and
with. Thus “weight” is a second-order concept that emerges from reflecting on the
knowledge gained by the operation of weighing objects with a balance, a technol-
ogy developed toward the end of the second millennium in Babylonia and Egypt,
that exploited metallurgic knowledge many millennia older.” Our discussion be-
gan with the story of simple craft technologies, a story that has often been told
with no reference at all to knowledge. But these ancient craft technologies pro-
vided mental models that aided the Greeks in the creation of their science. Thus
in cosmology, Anaximander likens the cosmic rings to wheels, and in mechanics
the balance is employed as a mental model that explains all machines that allow
small forces to achieve large effects. In this layered history, we see quite concretely
the path from technology transfer to the origins of science.
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Chapter 4
Technological Transfer and Innovation in Ancient Eurasia
Daniel T. Potts

4.1 Introduction

The pre-modern transfer of knowledge within Eurasia had to contend with a com-
plex set of both physical and mental obstacles. Deserts, mountains and oceans
had to be crossed, but so too did language barriers and ingrained traditions of
cultural praxis. The fact that knowledge transfer occurred in spite of a seemingly
long series of hurdles that had to be overcome has often been attributed to some
fairly potent “vehicles”—Buddhism, the and Jesuit missionary activity, to name
just a few of the more obvious ones which operated in the literate past. But
archaeological investigations have shown that knowledge and technology transfer
can also be documented in the pre-literate past.

The enormity of the Eurasian landmass, not to mention the multiplicity of
linguistic and cultural entities inhabiting it, have rarely, if ever, been viewed by
archaeologists as insurmountable impediments to long-range contacts between the
many cultures inhabiting it in antiquity. Journals such as Furasia Septentrionalis
Antiqua: Journal for East FEuropean and North-Asiatic Archaeology and Ethnog-
raphy (1927-1938), published by the Finnish Society of Archaeology, or the more
recent Ancient Civilizations from Scythia to Siberia: An international journal of
comparative studies in history and archaeology (established 1995) bear witness to
the fact that archaeologists have been thinking on an inter-continental scale for
many, many years. Nor have such studies been limited to discussions of shared
art styles or artifact types. The possibility that technologies and “knowledge com-
plexes” may have spread from one part of the continent to another during the past
has long been entertained and in this sense the globalization of knowledge has, both
implicitly and explicitly, been on the agenda of many archaeologists. The difficult
problem of discriminating autochthonous innovation and independent invention
from the complete or partial adoption of an allochthonous technology has been
a particular concern of scholars working in Europe and Asia and in what follows
I shall present several cases of technological transfer in ancient Eurasia. First,
however, I should like to say a few words about how transfer and transmission,
or what is often termed “diffusion,” have been dealt with by archaeologists and
others concerned with the ancient world.
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4

Figure 4.1: Map of Eurasia showing the regions of greatest relevance to this chapter
(Frachetti and Rouse 2012, Fig. 36.1). With kind permission of the
authors.

4.2 Terminology and Ideology

As part of its 300th birthday celebrations in 1936, Harvard University convened a
symposium entitled “Independence, Convergence, and Borrowing in Institutions,
Thought, and Art.” On that occasion, V. Gordon Childe, widely esteemed as one
of the greatest prehistorians of the twentieth century, offered what he entitled
A Prehistorian’s Interpretation of Diffusion (Childe 1937). A voracious reader,
Childe was more aware than most of archaeological discoveries made throughout
the vast area extending from the Pacific coast of China to the Atlantic shores of
Ireland and Iberia. Despite the fact that he boasted more than a passing acquain-
tance with dozens and dozens of regional cultures across Eurasia, Childe was an
unapologetic proponent of diffusion, something he described as “essentially the
pooling of ideas, building up from many sides the cultural capital of humanity”
(Childe 1937, 4). In their crudest form, many pre-Childean discussions of diffu-
sion had striven to prove that entire civilizations owed their origins to the external
stimulus of an advanced society (e.g., Mesopotamia > Indus Valley; Mesopotamia
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> Egypt; Mesopotamia > China; Phoenicia > North America). More sober dis-
cussions of diffusion were often preoccupied with cultural contacts that effected
the spread of superficially obvious stylistic traits, such as patterns on painted
pottery.! This fixation on epiphenomena or superstructure, as Marx would have
called it, rather than core technologies and infrastructure, was not characteristic
of Childe, an avowed Marxist. Indeed, Childe’s Harvard lecture cited examples of
technological transfer ranging from printing and paper to the steam engine before
indulging in the more traditional, broad brush look at links between civilizations
in Egypt, Mesopotamia and the Indus Valley evinced by portable items of material
culture (ceramics, stone vessels and cylinder seals) that were accumulating rapidly
during the pre-war era.

Several years after Childe delivered his lecture, the American anthropologist
Alfred Louis Kroeber published a very different paper on what he termed “stim-
ulus diffusion.” There he examined what might be called “partial” or “selective”
technology transfers, citing, among other things, the case of porcelain manufac-
ture in eighteenth-century Europe (Kroeber 1940). The existence of high quality
porcelain in China and its export to Europe, he argued, created the stimulus for
the local invention of the technology to replicate, at lower cost, the same sort of
end product. This entailed everything from the identification of suitable kaolin
deposits to the design and construction of appropriate kilns. As Kroeber wrote:

The consequence is that we have here what from one angle is nothing
else than an invention. Superficially it is a “parallel,” in the techni-
cal language of ethnology. However, it is equally significant that the
invention, although original so far as Europeans were concerned, was
not really independent. (Kroeber 1940, 2)

In this context Kroeber’s views anticipated those of the eminent MIT metal-
lurgist Cyril Stanley Smith who, almost forty years later, stressed the importance
of studying “why a society will not absorb things into which it is brought into
contact,” observing:

A human culture, existing at the apex of a long chain of historical
selectivity cannot easily incorporate large chunks of another, though
occasionally small things can seep in without opposition and later in-
teract to form a nucleus that can grow by rearranging the connections
between things already present. (Smith 1977, 84-85)

Viewpoints like Kroeber’s (and later Smith’s) became increasingly unpopular
during the 1960s and 1970s as anti-diffusionist views, sometimes fueled by chau-
vinistic, nationalist sentiment, gained ground. A quarter of a century later, while

IFor a useful review of the main proponents of diffusionism, see (Trigger 1989, 150-160), par-
ticularly Oscar Montelius’ ex oriente lux views of European cultural development and its Near
Eastern antecedents; cf. (Montelius 1899).
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shots were still being fired in the ideological battle between indigenous evolution
and “stimulus diffusion,” the concept of the “interaction sphere” (Caldwell 1964)
appeared as a kind of theoretical bandage to heal the wounds of the diffusion de-
bate. With its implicitly egalitarian outlook, suggesting equally weighted interac-
tions between contemporary constituents of a cultural mosaic, interaction spheres
were conceptualized as “the areal matrices of regular and institutionally main-
tained intersocietal articulation” (Binford 1965, 208). Lewis R. Binford suggested
that the “comparative structural and functional analysis of interaction spheres
[...] allows us to define, quantify, and explain the observation [...] rates of cultural
change may be directly related to rates of social interaction” (Binford 1965, 208).
Such a perspective, however, smacks of scientists in the laboratory dispassionately
viewing the interactions of cultures as conglomerations of atoms that can be stud-
ied in some kind of closed atmosphere. Not only is there no causality implied in
the interactions that take place, there is no intent, directionality or hierarchy in
the interactions charted. As Lightfoot and Martinez rightly noted in describing
developments in Anglo-American archaeology during the 1960s and 1970s, “the
theoretical underpinnings of New Archaeology, with its focus on cultural ecologi-
cal models, closed systems, and antidiffusionism, were not conducive to the study
of cultural interactions” (Lightfoot and Martinez 1995, 474).

It was not just theoretical underpinnings that were to blame for the increas-
ingly geographically narrow views of archaeologists. Combined with an attitudinal
prejudice against anything that smacked of migration and diffusion (against which
Hérke (1998) wrote eloquently), the explosion of scientific data (in part due to ex-
cavation and survey, in part a product of the “publish or perish” syndrome that
emphasizes quantity over quality) made it more and more difficult for anyone to
achieve the kind of synthetic oversight of Eurasian archaeology which Montelius,
Childe or Grahame Clark (1969) were able to achieve. Symptomatic of the diffi-
culty of controlling the data necessary to address broad-scale questions of technol-
ogy transfer in antiquity was the failure of most scholars at a 1978 symposium in
Aarhus, entitled “The origin of agriculture and technology—West or East Asia?”
to come anywhere near to achieving their aims (Muhly 1981). As J. D. Muhly
noted in reviewing the conference (no proceedings were ever published):

[...] no one wanted to draw far-reaching conclusions or to develop wide-
ranging theories. This is in keeping with the spirit of the times: we are
in an age of cautious and detailed specialization, an age suspicious of
hypothetical speculation and the “great theory.” [...] Theories based
upon influences from outside a given archaeological culture, theories
using traditional ideas about migration and diffusion, are now anath-
ema to most prehistorians and field archaeologists. [...] In this sense
it could be said that everyone systematically ignored the theme of the
symposium, and indeed such charges were made during the course of
the meeting. In defense, I believe that most scholars would agree that
we are simply not in a position to discuss the influence of East upon
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West or vice versa [...] We are still too busy trying to figure out what
was going on in a particular area to worry about the possibility of
cross-cultural contacts. (Muhly 1981, 126-127)

Many archaeologists and ancient historians working today would probably
agree with Muhly as they continue, thirty years on, “trying to figure out what
was going on.” Yet it could be argued that focusing on the concrete outcomes
of technological praxis—for example, harvested cultivars, decorated weaponry, or
painted pottery, whether at the macroscopic or the microscopic level—is neither
the only nor the best way of investigating intercultural contact and technology
transfer. The deficiency in such an approach is that it almost always ignores
the technology behind those outcomes—the cultivation, irrigation and harvesting
practices used to create the crop; the smelting and casting techniques used to
fashion the metal; and the clay preparation and firing methods used to make the
pottery. I suggest that an examination of the technologies underpinning cultural
production offers a viable alternative to the study of the epiphenomena themselves
and a potential way forward in trying to move beyond the impasse highlighted by
Muhly’s comments.

4.3 Inverting Kroeber’s Stimulus Diffusion Model: From Polemics to
Applied Science

In his discussion of stimulus diffusion, Kroeber was at pains to describe situations
in which a technical problem had been solved in one culture in order to replicate
a foreign product through home-grown ingenuity. In the case of porcelain, the
idea had spread to Western Europe, as had examples of the finished product, but
everything else, from appropriate clays to kilns, had to be found and/or invented
ab novo in the European context. In antiquity, I suggest that we look for instances
where exactly the opposite occurred, where the technologies spread, enabling the
production of distinctive, culturally “local” products that would otherwise escape
notice and not arouse any suspicion of inter-cultural contact. Acknowledging the
distinctiveness of ways of doing things, as opposed to end-products, is somewhat
akin to identifying the difference between “cultural patterning” at the level of
praxis and “technological style” as its external or “formal, extrinsic manifestation,”
a concept advanced thirty years ago by the MIT materials scientist and historical
metallurgist, Heather Lechtman. Using a linguistic analogy, Lechtman observed:
“The oft-cited distinction used by linguistics between langue and parole is precisely
that distinction between pattern and style,” observing that:

Style is the manifest expression, on the behavioral level, of cultural
patterning that is usually neither cognitively known nor even knowable
by members of a cultural community except by scientists who may
have analysed successfully their own cultural patterns or those of other
cultures. (Lechtman 1977, 4)
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Although these concepts are applicable to any sort of material culture, Lecht-
man was writing in the first instance about prehistoric metallurgy and it is to a
metallurgical example that I wish now to turn.

4.4 A Eurasian Problem: Western Influences in the Development of
Chinese Metallurgy

Nineteenth-century scholars, including the Assyriologist W. St. Chad Boscawen
(1854-1913), the Sinologists Albert Etienne Jean Baptiste Terrien de Lacouperie
(1845-1894) and E. H. Parker (1849-1926), and the missionary Joseph Edkins
(1823-1905) wrote learned and, today, largely forgotten works attempting to
demonstrate everything from the Western, more particularly Babylonian or ‘Aryan’
origins of ancient Chinese language and writing to agriculture, astronomy, weights
and measures.? One of the most contentious and emotionally charged topics in the
history of metallurgical scholarship concerns the origins of and external influences
exerted upon China’s earliest bronze technology. In light of recent DNA analy-
ses on population affinities in Inner Asia that strongly suggest contacts between
Western and Eastern populations in the first millennium BCE (Comas et al. 1998;
Bennett and Kaestle 2006), metallurgical analysis is also potentially vital to an
understanding of the earlier phases of population dynamics as well as technology
transfer.

Briefly stated, there exist wildly divergent views on the extent to which Chi-
nese metallurgy was or was not influenced by contact with the West (i.e., Central
Asia, the Near East and /or the Mediterranean). In 1954, Lauriston Ward asserted
that there were bronzes in the Shang period:

such as the bronze ceremonial vessels [...] like nothing in the West
[...] There are, however, other bronze artifacts from Anyang which
are of convincingly Western type, namely helmets (cf. Early Dynastic
forms in Mesopotamia), socketed celts of European Late Bronze Age
type, and socketed spearheads with two loops for binding, like those
occurring in Europe in the Middle Bronze Age. (Ward 1954, 138)

Two years later Max Loehr argued very strongly for external, Western in-
fluence on the earliest development of bronzes in China (Loehr 1956). As one
reviewer noted, Loehr definitely tightens the chain of evidence and inference con-
cerning Mesopotamian, Steppe, and Siberian influence in much of the early Chinese
bronze art (Kaplan 1957, 378).

Contrast these positions with that of Ho Ping-Ti two decades later. In an
unabashed apologia for the independence of Chinese civilization, Ho rejected any
suggestion of foreign influence from the West; argued for the autochthonous origins

2See, for example, (Edkins 1871; Parker 1883; Terrien de Lacouperie 1885; Boscawen 1888;
Terrien de Lacouperie 1894).
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of “the primitive copper metallurgy of the loess highlands of China”; and derived
the later Shang bronze industry from it (Ho 1975, 221). In his review of Ho’s
Cradle of the Fast and Noel Bernard and Tamotsu Sato’s Metallurgical Remains
of Ancient China (1975), the distinguished MIT metallurgist Cyril Stanley Smith
wrote extensively about the problem of diffusion vs. independent invention. As
he noted:

It is clearly true that metallurgy did not creep slowly and continuously
into China from its boundaries, but, taking a world view, can we be
sure that the nuclear suggestion did not come from somewhere else by
a route that left no record of its passage? Bernard gives a world map
on page 16, which combines his own data with those of Colin Renfrew,
who has argued strongly for similar independence of the earliest met-
allurgical developments in the Balkans. The map shows no fewer than
six “independent regions of early metallurgy,” with China the last of
all to appear. This reviewer, while granting that technical elaboration
occurs differently in different locations, finds it impossible to believe
that the basic ideas of metallurgy were so easy to come by ad nuovo.
It is incredibly difficult to invent anything really new, while informa-
tion, albeit garbled and incomplete, is easily carried by travelers. Does
transmission have to leave a record? [...] On a very detailed scale, there
would be little evidence beyond intangible style for links between the
sites noted in China itself. One must take into account the stage of
development involved in a transfer, the stage both of the technological
details and of the receiving culture. Rather than postulating indepen-
dent invention, it seems to me that the interesting questions concern
how, with many nuclei in the air, a strong culture can incorporate
into its own fabric as compatible only very few of the things it hears
of, while resisting most suggestions that come to it from continuing if
superficial contacts with neighboring and sometimes remote peoples.
Regardless of whether the first idea of making and shaping metals arose
spontaneously in China or came from outside by a barrier passing pro-
cess akin to quantum-mechanical tunneling, there can be no question
that the subsequent development of metallurgy was indigenous. The
furnaces, the crucibles, the molds, and the almost exclusive dependence
on casting, even of iron when it appears, all bear the unique stamp of
that great civilization.?

In 1993 Donald Wagner leapt to the defense of Ho, Bernard and Sato, launch-
ing a determined attack against diffusionists like Smith (and Joseph Needham,
see below). After admitting that transmission does not have to leave a record, he
argued:

3(Smith 1977, 81-82), cf. (Chang 1978).
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The anti-diffusionists cannot hope to provide the sort of positive proof
that the diffusionists may, under fortunate circumstances, be able to
provide. It is therefore incumbent on the diffusionists to provide posi-
tive empirical evidence. Broad untestable opinions [...] are not useful
in a scientific discussion. (Wagner 1993, 33)

The polemical positions adopted in this debate are obvious. Full of post-
colonial outrage, one camp is morally affronted by the very notion that a civi-
lization the size of China should owe anything to outside influence, while some
hard-nosed metallurgists and historians of science cannot let go of the sneaking
suspicion that somewhere along the line, the esoteric, technical lore of bronze-
working, so unlikely to have been “invented” in the second millennium BCE in a
Chinese vacuum, must have diffused from the west. Recently, however, a whole
host of new data has emerged from research conducted by Chinese scholars who
seem to be undaunted by nationalist rhetoric in the face of scientific evidence.
The prime scholar in this new movement is Mei Jianjun whose Cambridge Ph.D.,
published in 2000, provides a wealth of important analytical results and previously
unpublished material from Xinjiang that must alter the views of even the most
die-hard indigenous evolutionist.

4.5 New Perspectives on an Old Problem

Mei’s research has isolated two important sets of external linkages in the earli-
est copper and bronze-using cultures of Xinjiang. The first group concerns the
Afanasievo Culture of southern Siberia (Minusinsk and Altai regions). This con-
sists of ceramics from the Ke’ermuqi cemetery in the Altai region as well as simi-
larities in funerary customs (monumental structures on the surface above graves,
skeletal position and copper objects) between Afanasievo sites and Gumugou in
the eastern part of the Tarim basin (Mei 2000, 58).

The second and, in my view, far more important source of linkages is with
the Andronovo culture, a name given to a vast conglomeration of related cultural
complexes extending from the Urals in the west to the Yenisei in the east, and from
the forest-steppe in the north to the Pamirs in the south. Stockbreeding, including
horse, cattle and sheep, was economically important to Andronovo communities,
as was bronze metallurgy. The presence of Andronovo-type ceramics at Central
Asian sites in Turkmenistan and Uzbekistan with calibrated C14 dates of ¢. 1900—
1750 BCE, coupled with evidence for the diffusion of Andronovo material culture
from west to east, suggests that the origins of the complex in the Urals might be
placed around 2000 BCE.

Mei has conclusively demonstrated the infiltration of Xinjiang by characteris-
tic elements of Andronovo (steppe Bronze Age) material culture, including metals
(weaponry, tools) reflecting “a wide range of metallurgical technologies, such as
casting, forging, annealing and cold-working [...] during the latter part of the
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second and the early first millennium BCE.”* These have been documented at
Aga’ersen, Gumugou, Weixiao and Sazi in the Yili-Tacheng district of northwest-
ern Xinjiang (Mei 2000, 60). The presence of copper sulphide inclusions in the
Tacheng objects, in particular, has suggested that copper sulphide ores were be-
ing smelted, a more complex procedure than the smelting of copper oxide ores
and one likely to have involved the exploitation of local copper ores in Xinjiang
(Mei 2000, 48). Mei has suggested that the “matte smelting process” was being
followed, whereby the ore was partially roasted so as to convert the iron sulphides
into oxides; the roasted ore was then smelted to produce matte (molten metal sul-
phide phase); the matte was roasted; and the roasted matte was reduced to yield
copper. In comparison with the direct reduction of copper oxide ores, the process
of smelting sulphide ores is far more complicated.® Interestingly, Song Dynasty
(960-1279) texts describe this process in detail and direct evidence from the first
millennium BCE is provided by slag found at Nulusai which has been analyzed by
Mei (2000, 55-57).

Where might such complex technology have originated? The predominance
of true bronze in this corpus, with tin levels between 2-10%, “suggests a cultural
affiliation of the Tacheng objects with the Andronovo complex” (Mei 2000, 46).
As Chernykh noted, Andronovo bronzes containing 3—10% tin comprise “90-100
per cent of the metal artifacts in assemblages from the various regions of the
community” (Chernykh 1992, 213). This, he suggested, owed its origins to yet
more westerly innovations:

The original stimulus for metallurgy and metalworking in the An-
dronovo community came from the west, from the region where the pro-
ductive centers of the CMP (Circum-Pontic Metallurgical Province),
which was in collapse, or the workshops of the CMP-EAMP (Eurasian
Metallurgical Province). (Chernykh 1992, 214)

Other metals besides bronze may have been involved as well. Seven years
before Mei’s dissertation appeared, Emma Bunker published an important paper
on gold in ancient China where she pointed to the presence of a cast gold earring,
“penannular with one funnel-shaped terminate” at “Liujiahe in Pinggu, Beijing
district, east of the Taihang mountain range in Hebei” as well as bronze earrings
of the same type elsewhere in Hebei and at Lower Xiaojiadian culture sites in
Liaoning, which are “a diagnostic artifact universally associated with Andronovo
material found to the northwest in the Altai region of southern Siberia, in Tomsk in
western Siberia, and further west along the Amu-Darya River near the foothills of
the Ural Mountains” (Bunker 1993, 30). While chronologically contemporary with
the Shang period (trad. 1766-1123 BCE), these sites were culturally non-Shang
and showed “indigenous regional characteristics” as well as the aforementioned

4(Mei and Shell 1999, 573), cf. (Mei et al. 1998).
5Ct. (Pigott 2002).
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evidence of contact with the outside world. In Bunker’s opinion, the location of
the sites in Hebei

gave them access to Inner Asia via the ancient ‘Fur Route,” a complex
trading network that crossed Eurasia long before the opening of the
more southerly ‘Silk Route! The Fur Route ran in an eastward di-
rection north of the fiftieth parallel from the Caspian Sea to southern
Siberia, and then southward to ancient China and its border areas via
the Amur Valley. The existence of this route explains the presence in
Hebei of an Andronovan type of funnel-shaped earring. (Bunker 1993,
31)

As Joseph Needham wrote in 1964:

I believe that the longer the time which has elapsed between the first
successful achievement of an art or invention in one place and its ap-
pearance in another, the more difficult it is to entertain the idea of a
purely independent invention. (Needham 1964, 403)

Although he was referring to the much later, westward diffusion to Europe,
via Iran, of Chinese cast-iron technology,® the same applies in the case of bronze
much earlier, albeit in the opposite direction. The far greater antiquity of bronze
metallurgy in the Near East, which dates to the early to mid-third millennium
BCE, the complexity of the copper sulphide reduction process, and the timing of
the first Andronovo contacts with western China, all combine to provide several
necessary preconditions for a transfer of technology, followed without any doubt
by centuries of creative, indigenous invention as Chinese metallurgists developed
a uniquely Chinese bronzeworking tradition.”

In the future, additional technical studies that throw light on the precise tech-
niques used by the earliest metallurgists in Xinjiang will be important to undertake
since it is clear that once the “Chinese” (Shang) bronze industry appears, it is very
different, in most technical respects, from that of the Andronovo complexes (Sher-
ratt 2006, 45). While arguing vigorously for a common metallurgical ancestry,
Smith was always at pains to stress the uniqueness of Chinese bronze production
which eschewed the cire perdue or lost wax technique in favor of “the sectionalism
of the molds, the alternating levels of positive and negative décor, the coring and
the casting-on” (Smith 1977, 82).8

In conclusion, despite the rejection of the perspectives of diffusionists like Max
Loehr by scholars such as Ho and Wagner, it is striking that forty-five years before
Mei’s dissertation was written, Loehr had prophesied:

6Cf. (White 1960; Wertime 1964); on Chinese iron, see esp. (Wagner 1999).

7Cf. (Sherratt 2006).

8Cf. (Linduff 2005) who suggests that even this may be a Eurasian rather than a Chinese
invention.
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If any culture in the West did convey elements likely to promote met-
alworking in North-China, it must have been the Andronovo culture.
(Loehr 1956, 86)

4.6 Perspectives on the Study of Technology Transfer in Eurasian
Metallurgy

At the beginning of this paper I reviewed some of the history of archaeological
and anthropological debate over independent invention vs. diffusion in general
terms, and later some of the more specific debate generated in the case of Chinese
metallurgy and its origins. Several sociological aspects of the science involved in
this entire field of study, not mentioned earlier, are worth noting.

First, achieving anything like a “Eurasian” perspective is incredibly difficult,
given the multiplicity of sources, in a multitude of languages, that must be assessed.
Archaeologists who have dealt with Central Asian material are acutely aware of
the enormous difference in the potential for creative scholarship between the Soviet
and the post-Soviet eras. Access to Soviet archaeological literature was extremely
difficult for Western scholars prior to the 1980s, when active cooperation with
Soviet scholars began a trend which has obviously greatly accelerated since the
collapse of the Soviet Union. One can look at a work like Chernykh’s Ancient Met-
allurgy in the USSR, which was written shortly before the end of the Soviet regime,
and marvel at its scope, but at the same time recognize that Chernykh’s Labora-
tory for Spectral Analysis, in the Institute of Archaeology (Academy of Sciences,
Moscow), enjoyed a privileged position in being able to undertake tens of thou-
sands of analyses on objects found throughout the Soviet Union. In many ways,
this political situation, coupled of course with the genuine curiosity of Chernykh
and his colleagues, permitted the construction of a Eurasian perspective that was
all but impossible for anyone outside of that country to achieve.

At the same time, Chernykh’s horizon ended at the borders of Mongolia and
Xinjiang, an artificial eastern barrier inhibiting what ought to have been a truly
Eurasian perspective. One must remember not only the often adversarial history of
Soviet-Chinese relations, but the almost complete dearth of contemporary Chinese
archaeological data in the West during much of the twentieth century, a situation
only ameliorated by K.C. Chang (Yale and later Harvard University) via his
mainland contacts. Neither North American and European scholars, nor Soviet
ones, had access to the sort of data that Mei has now made available.

One can, therefore, only marvel all the more at a scholar like Max Loehr
whose prescience in divining the likelihood of an Andronovo contribution to early
Chinese metallurgy now seems extraordinary. For not only was Loehr’s view in-
formed largely by his studies in China during the years 1940-1949, when he was a
researcher and later director of the Sino-German Institute in Beijing (Cahill 1989),
but it is apparent that, notwithstanding the great difficulty of accessing Soviet ar-
chaeological literature, he was familiar with the little that was available outside
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of the Soviet Union on Andronovo matters as well. What Chernykh called the
Eurasian Metallurgical Province really only became a reality when Jianjun Mei’s
analyses shone the spotlight on Xinjiang and its Andronovo connections, but the
vast architecture of such a concept was already apparent in Loehr’s mind by the
early 1950s.

4.7 Fellow Travelers in Eurasian Transfers

In my opinion, the metallurgical example of technology transfer in Eurasia outlined
above is bolstered by other instances of cross-cultural interchange which reflect
comparable inter-regional contact. Four such cases seem particularly apposite.

Tin — the sine qua non of Andronovo metallurgy, has long been a problem for
Near Eastern and European archaeologists, but recent studies, some of which were
unavailable when Chernykh was writing, have identified significant tin sources in
Uzbekistan, Tajikistan and Afghanistan (Boroffka et al. 2002). During the early
second millennium BCE, i.e., precisely the same time as Andronovo expansion to
Xinjiang is thought to have been taking place, we have cuneiform sources from
Mari on the Euphrates, near the modern border of Syria and Iraq, that throw
exceptional light on traffic in tin. In particular, the fact that Mari’s rulers solicited
tin from the king of Elam, a powerful state in southwestern Iran (Potts 1999),
and then passed some of it on to their client kingdoms further west in Syria
(e.g., Qatna), shows us how tin from Central Asia could travel all the way to the
Mediterranean. If that sort of movement was possible in an east-west direction,
there should have been no technical impediment to the same sort of movement of
tin in a west-east trajectory.

Bactrian camel — it is now clear that the Bactrian camel, which originated in
Mongolia (Baotou) and Xinjiang (Lake Barkhol) and had nothing to do with the
ancient land of Bactria at all (northern Afghanistan/ southern Uzbekistan), was
already present in the West by the early second millennium BCE, having reached
Anau in Turkmenistan by the mid-fourth millennium BCE (Potts 2004). By the
mid-third millennium Bactrian camels figured prominently in the iconography of
Central Asian (Bactrian and Margianan) stamp seals and by the early second
millennium (c. 1750-1700 BCE) one appears on a cylinder seal in Old Syrian
style, now in the Walters Art Gallery in Baltimore. Bactrian remains are attested
at the Andronovo site of Aleksejevskoje in Tatarstan; at Il'inskaja gora, a Karasuk
culture cemetery in the southwest Ural foothills; and at Gorodsk, north of Kiev,
in the Ukraine, all contexts dating to the second millennium. The most probable
use of these Bactrians was as stud animals since Bactrian-dromedary crosses are
extremely strong, capable of carrying 500kg, double the load of a dromedary. These
“super cargo” carriers of the second millennium BCE (and later) would, without
any doubt, have facilitated trans-continental travel across Eurasia at precisely the
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time when Andronovo cultural groups are thought to have been spreading into
Xinjiang with their metallurgical technology.

Figure 4.2: Herd of Camelus bactrianus in the Nubra Valley, Ladakh, India.
Photo: John E. Hill, with kind permission.

Wheat — there is a growing body of palaeobotanical data in the form of charred
wheat grains, now known at “all of the early Xinjiang oases” (Chen and Hiebert
1995, 287) including Gumugou, Shirenzi, Lanzhouwanzi and Qunbake. At Gumu-
gou, where preservation was excellent, wheat was found in a grass basket close
to the head in a number of graves, a practice strongly reminiscent of Andronovo
funerary practice at sites like Alekseevka in southern Siberia. In Xinjiang wheat
was being grown in deltaic fans where flood irrigation could be easily practiced
in a manner reminiscent of that followed in the oases of Bactria and Margiana
(western Central Asia). Even if “the idea of oasis-based agriculture” reaching Xin-
jlang from western Central Asia remains unproven (Thornton and Schurr 2004,
85) there is no doubt that wheat was an introduction from the west. Additional
data comes from Donghuishan in western Gansu where domesticated, carbonized
wheat remains have been dated to c. 3000-2500 BCE (although based on C14, it is
not clear whether the dates were calibrated or not). Again, little detail is available
(no indication of what type of Triticum), but Chinese archaeologists believe this
must have been an import from the west via the Hexi Corridor (Li 2002, 180).
Wheat is, therefore, a cultivar which may well provide a parallel to the example
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of metallurgical technology transfer discussed above. It may even have moved in
association with metallurgical technology.

Horse — As Jansen et al. (2002, 10910) stress:

Although there are claims for horse domestication as early as 4500 BCE
for Iberia and the Eurasian steppe, the earliest undisputed evidence are
chariot burials dating to ¢. 2000 BCE from Krivoe Ozero (Sintashta-
Petrovka culture) on the Ural steppe.”

It is tempting to associate the transfer of metallurgical technology via An-
dronovo cultural complexes with the spread of both the Bactrian camel, heading
west, and the horse, heading east from the Ural steppes and Central Asia (Levine
1999; Jansen et al. 2002), to which we may add the chariot to China (Shaughnessy
1988). As Muhly noted twenty years ago:

Piggott now places the first development of [...] chariots within the
Timber Grave/Andronovo cultures of south Russia, between the Ural
mountains and the Irtysh river and dating to ca. 1700-1400 BCE (cal-
culated from uncalibrated dates which, on the basis of the MASCA
1973 calibration, would be 2060-1600 BCE). Innovations there spread
both to the west (as far as Mycenaean Greece) and to the east, where
chariot burials from Shang Dynasty China have almost their exact
counterparts in those from the waterlogged tombs at Lchashen on Lake
Sevan in the Armenian SSR. (Muhly 1988, 89)

Speaking of these latter finds, which were compared in great detail with Shang-
period chariots in China, E. L. Shaughnessy wrote:

If we now compare the technical characteristics of the Chinese and
Trans-Caucasian chariots, I think there can be no doubt as to their
typological similarity, or even identity. (Shaughnessy 1988, 206)

Bunker has suggested that the Fur Route, discussed above, may have been
one of the routes whereby elements of foreign technology “such as the chariot,
could have been introduced into the ancient Chinese world from cultural centers
to the west” (Bunker 1993, 31).

4.8 Conclusions

The work of Chernykh, Mei and Li, and its evaluation by metallurgists like Pig-
ott, suggest to me very strongly that the pendulum has swung well away from
the adamant rejection of diffusion evinced by Wagner and Ho, in favor of a much

9Ct. (Levine 1999).
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more Eurasian perspective in the tradition of Loehr and Smith. The fact that
two Chinese scholars are in the vanguard of this new appreciation of Andronovo
influences in Xinjiang is, I believe, highly significant, suggesting that a new gener-
ation of Chinese scholars is more interested in divining the technological secrets of
bronzeworking, wherever they may have originated, than in forcing hollow claims
for priority based on geography and political affinities. In this respect, the demise
of the Soviet Union and the opening up of China have contributed enormously to
the attempt to understand technological transfer at a Eurasian scale. Neverthe-
less, there are still many issues that require attention if the case for significant
Andronovo (early second millennium BCE) contacts with Xinjiang, and via the
Hexi or Gansu Corridor (a narrow strip of territory leading southeastwards, past
the western end of the Nei Mongol Autonomous Region, into Gansu), with the
Chinese heartland, is to move beyond the realm of possibility into that of proba-
bility. Perhaps foremost amongst these is the analysis of ancient mtDNA from the
regions where the technology transfer discussed here is thought to have occurred.

At the present time the available studies of mtDNA from Eurasian popu-
lations'® do not include material contemporary with the period of postulated
Andronovo-Xinjiang contact. Li Shuicheng has emphasized the anthropologically
mixed nature of the Yanbulak cemetery in Hami, a site located in eastern Xinjiang
at the head of the Hexi or Gansu Corridor. Mongold and Caucasoid individuals
were said to be present, with Caucasoids in the minority (Li 2002, 175). Further
west, at Lop Nor (Luobunoer/ Lopnur, still in Xinjiang), the individuals found in
a cemetery dated to the early second millennium BCE (1710-1535 uncal. BCE)
were said to be entirely Caucasoid.!! The status of these anthropological analy-
ses is unclear.!'? New, multivariate craniometric work by Brian Hemphill suggests
that, in the earliest Bronze Age population of the Tarim Basin does not manifest
admixture from either the steppes (Andronovo) or the oases (Bactria, Margiana)
of western Central Asia, and that not until 1200 BCE did significant gene flow
from groups in the Ferghana Valley (Uzbekistan) and the Pamirs occur.!® The
DNA studies undertaken to date are promising, but clearly there is a serious need
for similar studies on older genetic material.

Of course, on their own such studies do not merely answer old questions,
they pose new ones. Did the posited diffusion of metallurgical technology from
the West to the East, via the Andronovo-Xinjiang cultural/geographical regions,
necessarily involve the movement of large enough numbers of specialists and their
families to be detectable in the bio-archaeological record? Was the “technologi-
cal package” brought back by indigenous peoples who had travelled to the West,

0For example, (Comas et al. 1998; Bennett and Kaestle 2006).

LCf. (Thornton and Schurr 2004, 93-94), citing mtDNA research by Cui Yinqui at Jilin Univ.
suggesting “the earliest mummies of the southern Tarim Basin grouped closely with the modern
Sardinian and Basque samples without evidence for any mtDNA contribution from the east.”
2They were conducted by Chinese anthropologist K. Han and published in China in the 1980s
and early 1990s. For references, see (Li 2002, 181).

13 (Hemphill and Mallory 2004); cf. (Thornton and Schurr 2004, 90-91).
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thus resulting in no genetic admixture detectable in their DNA? These and sim-
ilar questions—which go to the very heart of longstanding debates on diffusion-
ism—continue to resonate in a world where globalization, both ancient and mod-
ern, is now regarded as a fact of life.
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Chapter 5
Writing, Language and Textuality: Conditions for the

Transmission of Knowledge in the Ancient Near East
Fva Cancik-Kirschbaum

5.1 Introduction

Among the means of symbolic representation writing is a relatively late achieve-
ment in the history of mankind.! Its direct and indirect relations to knowledge are
beyond doubt. But especially with regard to the principal cultural manifestations
of knowledge—namely forms, representational structures, transfer processes and
their societal implementation—the prominent place of writing is manifest: bound
to knowledge, writing may come to play a role in nearly all dimensions of social
life. In order to analyze this situation the concept of Kulturtechnik? may prove
useful as it refers not only to the language-related aspects of notational systems,
but also to the diagrammatic, iconic, and operative features of the textual artifact.
Of particular interest is the role of writing in the transmission of knowledge, not
only as a recurring field of application in all the dimensions named above, but also
in terms of language (in the double sense of langue and parole) as subject to and
object of writing within the processes involved.

In the context of this paper some of the effects and consequences of nota-
tional systems as Kulturtechnik are looked at against the historical background
of the Ancient Near East—well known as the realm of the cuneiform script as
well as the cradle of the alphabetic writing systems.? In the following, I adopt a
broader perspective in the hope of contributing to questions such as: What terms
and concepts are useful in evaluating the role of writing for the emergence and de-
velopment, production and accumulation, diffusion and concealment, detachment

1This chapter has benefited from the critical comments of P. Damerow, M. Hyman, J.C. Johnson,
M. Krebernik and G. Selz.

2The notions of the term Kulturtechnik adopted here are based on a concept, which guides
the research of the Hermann von Helmholtz-Zentrum fiir Kulturtechnik at Humboldt-University,
Berlin, especially the DFG-funded research-group “Bild — Schrift — Zahl” (2001-2007). See
(Krdamer and Bredekamp 2003), esp. the introduction; furthermore (Grube et al. 2005).

3A sound overview of the repeated incidences of invention can be found in (Houston 2004), for
general information, see (Raible 1991b). For an interesting new empirical wrinkle vis-a-vis the
early transmission toward the Eastern Aegean, see (DeVries 2007, 96-98); the date of transmission
is discussed controversially in (Sass 2005).
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and re-implementation, destruction and loss of knowledge? How can the process of
“text-artifactualization” be related to the process of globalization of knowledge?*

Since the beginning of the Neolithic the vast landmass situated at the in-
tersection of Africa, Asia and Europe has seen important cultural innovations,
such as agriculture and the domestication of animals, settled communities, long-
distance trade, urban life, and the early state. Among the many technologies
would constantly transform these societies, from the simplest to the most complex
crafts, the invention of several systems of graphic and/or object-based mnemonic
devices, which allowed for depersonalized communication, led to the invention of
a notational system. Toward the end of the fourth millennium BCE the success-
ful conception and implementation of a coherent writing system, a script, can be
observed. The technique first used was incising; later a reed-stylus was impressed
into tablet-shaped pieces of moist clay. Due to the nail-shaped impressions char-
acteristic of the later phases of this writing system, the term cunei-form (from
Neo-Latin cuneus) was coined in eighteenth-century Europe.

Initially this system reproduced with a limited set of signs clusters of infor-
mation, namely the primary significant of the message (not the actual speech-act)
to be conveyed. Over time it underwent a process of controlled intrinsic (internal)
extension and modification, aimed at adapting the tool to the ever-changing needs
of different cultures and societies. Parameters such as ergonomics, the avoidance
of ambiguity and velocity, among others, must have played an important role in
this process. Whereas these parameters are difficult to assess, another parame-
ter’s consequences were more straightforward: “phonetization,”® a term referring
to the moulding of the writing system to better reproduce the elements of speech,
led to substantial changes in the structure of the notational system. The quantity
and the quality of written records multiplied, allowing for broader patterns with
regard to form and content. The cuneiform script was adapted to various linguis-
tic contexts, as ethnically heterogeneous cultures with their different languages
made use of the writing system. This not only resulted in the diffusion of a useful
technical tool and the further development of its structural and functional compo-
nents, but also allowed for the controlled (and often not so controlled) diffusion,
dissemination, detachment, and reimplementation of knowledge stored in writing.
Thus knowledge could be detached from its original context and travel in space

4The term “globalization” does not lend itself easily to premodern societies and early civiliza-
tions. However, the notion of “global” is relative, to be looked at under the particular emic
perspective of a given society. Thus the kings of Sumer and Akkad assumed the titles “king
of wholeness, king of the four quarters of the world,” emphasizing their sovereignty as “global.”
Moreover, if related to this “scaled globality” the conditions in the Ancient Near East meet in
a correspondingly scaled modification the definition in Blossfeld and Hofmeister (2006, 8): “We
define globalization by four interrelated structural shifts: (1) the internationalization of markets
in terms of labor, capital and goods and decline of national borders (2) intensified competition
through deregulation, privatization and liberalization (3) accelerated spread of networks and
knowledge via new communication and information (4) the rising importance of world markets
and their increasing dependency on random shocks.”

5For a critical view, cf. (Whittaker 2001).
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and time encoded in a particular means, namely writing. However, it must not
be forgotten that encoding has its counterpart in decoding. Access to knowledge
stored in writing requires a host of techniques for unpacking its content: apart
from physical access, which might be limited to elites, initiates, and the like, these
would include first of all reading, but also the mastering of language and termi-
nology. And last but not least the general conditions of historical contingency are
a major aspect of writing. Writing systems are part of a given cultural contin-
uum. Societal and institutional derivatives such as literacy and education, as well
as their epistemological consequences, for example, the differentiation of knowl-
edge and the formation of scientific activities, are to be seen as closely related
phenomena.

5.2 Writing, Language, and Kulturtechnik

From a present-day perspective the impact of writing on the history of knowledge
seems fairly obvious: literacy is considered a basic feature of modern knowledge-
based society. Indeed, the degree of alphabetization within a given society defines
a meaningful parameter regard to its prospects for future development. In the
sciences an important segment of knowledge relies heavily on written records and
documentation. And, last but not least, writing has come to serve as a powerful
paper-tool, see, for example, chemical formula. However, at the same time, the
end of an era has been announced; the Gutenberg-galaxy is fading away due to
the accelerated growth of integrated means communication, as for example, the
IT-based technologies. These new technologies are not only dependent to a high
degree upon writing as a tool, but also the complex nature of the epistemological
technique encoded in the mechanics (and the grammar) of writing, which, together
with other techniques, enabled their very development. The transformation of
an old-fashioned tool and its derivatives into these new forms and media will
undoubtedly affect the nature of writing, but the extent of this transformation
on writing itself remains an open question. Yet the characteristic ambiguity of
writing, its Janus-nature, namely as both “means” and “media” at the same time,
has been part of its history from the very beginning.

Within Mediterranean antiquity and even beyond, two more-or-less opposed
attitudes toward writing and literacy can be observed. “Language” as well as
“writing” have each been a subject of interest in the Greek tradition, for exam-
ple, mirrored in an extensive philosophical, grammatical, and linguistic discourse
(Frede and Inwood 2005). On the one hand, writing is often depicted as a divine
gift of dubious value, leading to the degeneration of mind and brain. On the other
hand, it is considered an instrument of power, access to which was restricted to few
and its use highly esteemed. These at first glance competing assumptions interact
in the concept of writing, enabling the representation of speech. The high value
of the spoken word, its creative, and even magical force is fused with the binding
force of the written word. In terms of a one-to-one relation of phoné “sound” and
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graphé “symbol,” script came to be understood primarily as a representation of
the spoken utterance, a vehicle or container for speech. This emphasis on the
language-related attitudes toward writing, as seen in the Greek tradition, reflects
to a certain extent one of the most prominent discourses on writing and its use
(Villers 2005).5 Due most probably to the impact of the (partly misunderstood)
Aristotelian legacy on European grammatological thought, this particular strategy
of certain writing systems, namely the transcription of speech, has been given par-
ticular attention (Trabant 2006). Together with the no less influential assumption
of a superior position for alphabetic writing as developed in rabbinic as well as in
Christian religious thought, a general tendency toward a phonocentric as well as
alphabetocentric bias characterizes European attitudes toward writing systems in
general (Busi 2001; Bandt 2007).

Another assumption, which has had a strong influence on the analytic per-
spective adopted in most investigations of writing, is the idea that literacy is closely
linked to cultural evolution in one form or another.” This notion can also be traced
back not only to classical antiquity, but even beyond, becoming an increasingly
attractive model since the eighteenth century. For instance, Rousseau claimed in
his Essay on the Origin of Language that the three main stages of human evolution
are paralleled in the evolution of writing systems:

These three ways of writing [i.e. logographic, syllabic, alphabetic,
ECK] correspond almost exactly to three different stages according
to which one can consider men gathered into nation. The depicting
of objects is appropriate to a savage people; signs of words and of
propositions, to a barbaric people, and the alphabet to civilized peo-
ple. (Rousseau 1966, 17)

The claimed relation between literacy and culture has led to a vast literature,
with the primacy of the alphabet (particularly in terms of its supposedly Greek
origin) as a major focus.® The consequences of this model did lead to some interest-
ing hypotheses: not only has alphabetic literacy been credited with the genesis of

6With regards to the overall success of the technique, this aspect of writing is certainly of utmost
relevance. Indeed, linguistic knowledge as most relevant for the creation of a writing system as
such is perhaps the earliest form of systematically, but indirectly encoded, knowledge. This
holds especially true with regard to early forms of linguistic thought, which become visible in the
organizational mode of writing systems (Cavigneaux 1989). A typical feature is, for example,
the systematics of sign encoding: primary objects (such as animals, goods, and so forth), actions
(encoded in verbs such as “to deliver”) and actors (names, titles, functions) vs. less relevant
parameters such as modality or aspect. For a (debated) systematic approach as regards Egyptian
hieroglyphs, see (Goldwasser 1995).

7"Examples given typically relate to the East Asian and European traditions, but similar concepts
can be found in other cultural contexts.

8See (Diringer 1948; Gelb 1963, 201; Havelock 1982, 11). The effects and outcomes of other
successful solutions in the history of writing were generally left aside, or judged to be incomplete
forerunners or precursors. With regard to the history of Ancient Near Eastern writing systems,
see (Michalowski 1990, 57-59; Cancik-Kirschbaum 2005, 2006; Cancik-Kirschbaum and Chambon
2006); see also (Cancik-Kirschbaum and Chambon forthcoming).
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democracy, it has been argued that the advancement of modern scientific thought
is a particular result of the alphabetic mode.® Last but not least, writing and liter-
acy have played a central role in twentieth-century theories, explaining social and
cultural change as either linked to cognitive attitude and mentality'® or to the evo-
lution in technologies of communication!! These ideas have certainly stimulated a
great deal of discussion, but they have also been subject to particularly detailed
and heavy criticism (Halverson 1992).12 Thus, occidental alphabetocentrism has
not only prejudiced theories of language and culture in the past, it continues to
leave its stamp on the philosophy of language and on the archaeology of media,
even when systematic research in non-European writing systems clearly points to
approaches that recognize the internal principles of each kind of writing system
rather than fitting them into a single evolutionary sequence.'?

Meanwhile the rather limited perception of writing as a system confined to
the encoding of phonological strings'# is intensively discussed and a significantly
broader perspective on the relation(s) between speech and writing has been devel-
oped. The rather narrow analytical framework of earlier investigations, focusing
mainly on encoding (rather than decoding) has been significantly enlarged by
shifting focus to the aspect of “reading” as an important, or even the most signifi-
cant access to the parameters governing writing systems of all kinds (Olson 1996).
David R. Olson summarizes these outcomes as follows:

First, writing is not the transcription of speech but rather provides a
conceptual model for that speech. [...] Second, the history of scripts is
not, contrary to the common view, the history of failed attempts and
partial successes toward the invention of the alphabet, but rather the
by-product of attempts to use a script for a language for which it is
ill suited. Third, the models of language provided by our scripts are
both what is acquired in the process of learning to read and write and
what is employed in thinking about language; writing is in principle
metalinguistics.'?

I will be returning to the issue of metalinguistics and later, primarily in terms of
text as a model for language.'®

The perspective that Olson and others have adopted here was reinforced when
the semantic range of the term “writing” itself came under discussion. The so-
called non-linguistic, second-order aspects have been recognized as central to the

9With varying shifts of emphasis, among others, (McLuhan 1962; Goody and Watt 1963; Have-
lock 1976, 1982; Ong 1982; Goody 1986; Halverson 1992).

10Such as (Lévy-Bruhl 1923; Lloyd 1983; Tambiah 1990).

HSee (Innis 1950; McLuhan 1962; Havelock 1982).

12 A sound overview is given in (Olson 1996, chap. 3).

13See (DeFrancis 1989; Harris 1989; Koch and Oesterreicher 1996; Olson 1996; Petterson 1996;
Kramer 1997; Stetter 1997; Mersch 2000, 2002).

14See, for example, (Gaur 1987; Harris 1989).

15See (Olson 1996, 89); see furthermore (Herriman 1986; Astington and Olson 1990).

168ee further (Selz 2000).
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operative potential of writing. Consequently language-neutral and iconographic
aspects have complemented the language-based concept of writing. Aesthetic and
perceptual aspects came into focus. The capability of (any) writing system to
record speech more or less adequately is but one perspective to be looked at. In
addition to transcribing speech, several other aspects of writing systems can be
delineated as follows: (1) The iconicity of writing, namely techniques of displaying
information in the form of graphs, diagrams, tables, that is, the foremost visual
level of written communication that extends largely beyond verbalized narrative.
(2) As a more general (but not identical) category here the textual layout as such
has to be taken into account. Within the facture (the elements of external formal
appearance) of a given text a particular type of information is encoded, which
partly coincides with the content of written text, and partly supersedes it. As
an example, just compare from this perspective a bilingual dictionary with the
instructions manual for an electronic device. As regards the operating principles,
the dictionary gives a horizontal layer (translating a lexeme from one language
into the other language) and a vertical layer (e.g., multiple semantic contexts).
Referentiality is mainly intrinsic, that is, within the dictionary, one term has one
(or multiple) equivalent(s). Yet the instructions refer directly to the device, its
operating mode is principally unidimensional (except perhaps for special cases),
referentiality is mainly extrinsic, that is, from the text toward the external device.
(3) The dynamics is not only inherent in the textual content itself, but actually ev-
ident by the use of writing as such. These so-called operative potentials come into
being if the text provokes a reaction and stimulates new insights (Gramelsberger
2001). In a more indirect form, they are active when, for example, writing serves
as a model to describe or understand formerly unrelated phenomena, for example,
when writing is used as a metaphor to explain the patterns of the heavenly bodies
(“celestial writing”), or when divination is perceived as a communicative system
operating with a scriptural terminology, for instance, the gods writing in the liver
of the sacrificial animal (Cancik-Kirschbaum 2005). At one (unknown) moment
Mesopotamian scholars were even aware of the hermeneutic potentials of writing:
the shape of a cuneiform sign (sign-iconsim) was loaded with meaning relating to
its denotational reference. In its most elaborate form, this theory gave access to
universal understanding: world and cosmos became represented in writing, thus
knowing how to “read” the signs meant being able to decode the universe.'”

The overall configuration of these aspects suggests a notion of writing that
allows for a multi-perspectival profile, that is, a profile not restricted to the usual
interpretation of writing as just another denotationally specified format for the
phonological components of language. Although the aspect of turning written
(viz. the totality of parameters and conditions, which interfere in the process
of transforming phonetic articulation into another medium, namely graphic ar-
ticulation, the term entextualization (Silverstein and Urban 1996) covers part of
this phenomenon) is of particular importance within the historical and epistemo-

17See (Maul 1999); further on the role of sign-shapes and understanding, see (Finkel 2010).
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logical process under discussion, it is complemented by other aspects of similar
significance. To cover these different perspectives, the term Kulturtechnik is used
here, as it encompasses all features that add to the specific profile of writing, and
consequently to our understanding of its role within the globalization of knowl-
edge. Other ways of documenting and transmitting knowledge are covered by
this term too: paper tools (e.g., chemical formula), geometrical representations,
sketches, diagrams, maps, mathematical and logical symbols, and so forth. More-
over, Kulturtechnik is not limited to writing, but also encompasses purely iconic
systems, such as images, as well as numerical systems.'® Consequently writing is
to be understood within the concept of Kulturtechnik as the systematic handling
of symbolic representational systems.

The invention or introduction of writing is to be regarded as a response to
societal needs and developments, such as (bureaucratic) control, the need for cal-
culation, prestige, ceremony, and representation, to mention some of the most
evident stimulators.?® The (historically discernible) solutions to meet these needs
are characterized by varying strategies of problem solving, depending on the pre-
conditions and the setting of such a process (Ehlich 1980). The consequences of
the implementation of a sophisticated means of graphic communication clearly
differ according to the given historical, societal, and cultural circumstances. A
scriptural turn which leads to the invention and establishment of a pristine writing
system will differ from subsequent transformations and modifications of the partic-
ular system adopted by a previously non-literate society. The term Kulturtechnik
underlines the anthropological (cultural) nature of writing. The installation of
writing in a society is a conscious act, thus biological metaphors such as “genesis,”
“emergence,” and the like are less helpful.

On the contrary, although the discovery of some of its principal el-
ements (representation as the most important) might have occurred
accidentally, its constitution as a system is always the consequence of
intentional coordination. This holds true not only for de novo scripts,
but also for the introduction of (newly invented or existing) scripts
within a given society. (Cancik-Kirschbaum and Johnson forthcom-

ing)

At the same time writing incorporates a potentially creative force, insofar as it
can take on a leading role in the creation or internal development of cultural
segments (or subsystems), such as religion, law, politics, economics, and so forth.
But one must bear in mind, at the same time, that once writing has determined

18Difficulties arise with the metaphorical use of “writing” as, for example, with “genome sequences
(and the relevant terminology (transcriptase ...)” and other fields).

19The acknowledgment of both the linguistic-discursive and the iconic-operative aspects of writing
has considerable consequences as regards the analysis of the genesis of writing systems (Cancik-
Kirschbaum 2012).

208ee (Postgate et al. 1995; Morenz 2004).
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parts or even the entirety of these social spheres, other traditions will have been
transformed, suppressed, or even forgotten. That is to say, the creative process
associated with the implementation of a written tradition is inevitably linked to
process of selection with regard to the existing repertoire of knowledge.

5.3 Writing and Textuality: Different Levels of Representation
of Knowledge

In the Ancient Near East, writing as a means of graphic communication originates
within the sphere of bureaucracy and economic administration.?! It is a society
of increasing complexity that not only determines the field(s) of application of
the new technology, but also provides for its institutional setting.?? Graphic and
pseudographic recording systems, precursors to writing, emerge in Mesopotamia
during the late fourth millennium. The creative force of this invention was not
immediately visible, as it was embedded in a wide range of innovations, stimulated
by the needs and settings of a complex society. These first samples of early systems
of graphic communication were neither without functional parallels nor were they
designed as autonomous, self-explanatory devices. They were constituted within
a sophisticated repertoire of externalizing tools, practices, mnemonic devices, and
communicative techniques, for example, the use of seals conveying hierarchically
sequenced information, clay as a medium (in the literal sense of the term),? or
the “trace” (of a reed, a finger-imprint on any object, even textiles) as a record
of processes of en- and decoding. As graphic manifestations these systems relate
to iconography; as regards the serialization of concrete information they parallel
numerical notation. In Michalowski’s words:

Seals, potters’ marks, painting and craft ornamentation, tokens, bullae,
numerical tablets, and other designs — these must be seen as parallel
systems of communication. (Michalowski 1990, 59)

Multiple technical and conceptual stimuli—some of which certainly elude us—seem
to coincide in the formation of a new Kulturtechnik, viz. writing. How exactly
these converge into the elaborated system that shows up toward the end of the
fourth millennium remains open to speculation. But, as the term Kulturtechnik
also indicates, we have to allow not only for stimuli and development, but also for
experiment, error, invention, and systematic elaboration.

Early Mesopotamia and its adjacent regions furnish detailed, although ev-
idence of the pristine establishment of several writing systems. The process of

211t goes without saying that this special field is itself part of and was shaped according to the
outlines of its supporting cultural background, by its perception of the world and its governing
principles, see (Selz 2000, 171).

228ee (Nissen et al. 1993; Englund 1998; Damerow 1999; Selz 2000; Krebernik 2002; Glassner
2003; Damerow 2007).

23For calculation, see chapter 6.
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adapting writing systems to particular languages has repeatedly taken place be-
tween the third and the first millennium BCE, as various civilizations adopted the
cuneiform so as to enable record keeping in their own language. And last but not
least several entirely new, formally and typologically different systems of writing
were conceived:

1. Alphabetic script: attested in its earliest examples in the eighteenth cen-
tury at the Western periphery of the cuneiform-based societies and strongly
influenced by the Egyptian writing tradition. It occurs in not only linear
(letter-based) applications, but also in two cuneiform modifications (namely
Ugaritic cuneiform in the fourteenth century, and Old Persian cuneiform in
the sixth century).?* Interestingly enough for Old Persian the “moment of
invention” is attested in a contemporary royal inscription that reads: “And
Darius, the king, says: By Uramasdas favor, I made this inscription other-
wise, in ‘Aryan,” which did not exist before, on clay-tablet, as well as on
leather.25 “Aryan” is the language of the Old-Persian script.

2. Glyphic script: used in Anatolia from the fifteenth century onwards to en-
code the Luwian language in a mixed system with syllabic and logographic
components. It is attested mostly in representative monumental inscriptions
in stone, but also in seal-inscriptions and on lead strips.

The actual history of all these different writing systems—whether cuneiform, lin-
ear, or hieroglyphic—can be taken one representation of the globalization of knowl-
edge, namely knowing “how to write.” Indirectly they are linked to metalinguistics,
as they are all examples of a more-or-less efficient link between language and a
completely different representational system.

The process of transmission takes on a special nuance if seen within the vi-
tal sphere of cultural contact. The transfer of a writing system together with
its didactic material on the one hand, and the transformation of the system in
order to adapt it to the concrete needs of the receiving community on the other
hand, fostered an awareness of linguistics and grammatical thought. These be-
came explicit not only in translation (bilingual and trilingual versions of a text),
but also in the use of vocabularies (up to four languages!) and bilingual lexical
lists. Early attestations of this use can be seen in twenty-fourth-century Ebla in
northwestern Syria, and it is certainly not an accident that this takes place at the
periphery of the heartland of cuneiform, Mesopotamia. The transmission of the
cuneiform writing system and its subsequent grammatological adaption to a new
linguistic context has taken place several times during the history of cuneiform
writing.26 A particular phenomenon within the multilingual and multiscriptural
continuum of Ancient Near Eastern societies is alloglottography: a text is written

24The so-called alphabetic technique co-existed with the traditional systems of writing and finally
replaced them.

25Translation, see (Rubio 2006, 38-39).

26Cf. for example, (van Soldt 2010).
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Figure 5.1: Assyrian scribe writing Akkadian in cuneiform script on a clay tablet
next to an Assyrian scribe writing Aramaic in alphabetic script on
a piece of papyros or leather (pergament). Reconstruction of a Wall
Painting from Til Barsip, eighth century BC, Louvre.
(Photo Florentina Geller)

(down) in a language different from the language in which it was originally uttered
and/or in which it is intended to be read. The translational process involved is
immediately linked to the level of writing and based on a deep knowledge of the
interdependences of language(s) and writing system(s). This principle may first be
observed when the first (known) transfer-process of the cuneiform writing system
took place, from Sumerian to Akkadian: as a self-conscious process this system
has been reconstructed for the trilingual inscriptions of the Achaemenid kings of
Persia (Rubio 2006).

Looking at the various languages transmitted via the practice of writing, we
must bear in mind that not only written language and spoken language have left
their traces, but also the degree to which a writing system as such is bound to
render the internal and external linguistic features of a given language. Thus
writing systems differ considerably with regard to the implementation into (or
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of) the grammatical system of the languages they convey—on the phonological,
morphological, and syntactical level (Eisenberg 1989). This applies differently
to the different types of writing systems. Grammatical and orthographic depth
is an explicitly language-orientated characteristic of writing systems. The term
“depth” relates to the third dimension of writing-besides the two dimensions of
the written surface and the extension of textual record on the surface. This third
dimension takes up the vital process of permanent change as a typical feature of
living languages. Under certain conditions, these changes are made visible in the
writing systems, for instance, by means of changing orthographic habits.?” This
holds especially true for the moments where the cuneiform system was adapted to
another linguistic context, such as written Akkadian, a Semitic language with the
sign system used for Sumerian (a language of unknown linguistic affiliation), writ-
ten Hittite, an Indoeuropean language with the sign system used for Akkadian,
and so on. The difficulties in adapting a writing system to any other language
are not easily overcome: the set of graphemes must be made to correlate with
the respective sound inventories; the morphological structures and regularities of
individual languages are more or less smoothly harmonized with the possibilities
of a logo-syllabographic sign system. But it is exactly this difference, this formal
dissimilarity (they are “aligned” through functional similarties, but the formal in-
compatibilities must still be overcome) between the giving and the receiving part
that becomes productive in the Near Eastern history of writing. Lacking contem-
porary (past) theoretical discourses about the phenomenon, the history of those
translation processes may be studied only indirectly, namely through the changing
patterns of the cuneiform scripts. These changes turn out to be an archive of the
difficulties, of the—successful and sometimes unsuccessful—attempted solutions
to the formal dissimilarities between the two systems. Thus, for example, in order
to render Akkadian adequately, the receiving writing system had to elaborate its
phonographic capacities (Greenstein 1984). The grammatological features linked
to orthographic depth also make the coexistence and overlay of languages visible,
as is the case with Aramaic and Akkadian during the first millennium: here par-
ticular features of spoken Aramaic leave their traces in the writing of Akkadian in
cuneiform (Streck 2001).

Once writing has been installed as a system of recording, following ortho-
graphic norms and conventions, the adaptation to the manifold chaos of language
and speech-act is obviously achieved by direct usage. As to the incentives that

27So, for instance, morphematic (that is, focusing on the semantic identity of a word) writing
conventions in alphabetical or syllabic systems will heavily influence phonetic adequacy. The
recent orthographic reform of German, for example, made use of that principle. For instance,
the word for the stem of a plant used to be spelled STENGEL, but this has been changed to
STANGEL to clearly designate its etymological derivation form “STANGE” (tiny pole). But
the phonetic reality is that we all articulate the |e| rather than the |4|. On the other hand,
syllabic or phonographic renderings of originally morphophonemically structured writings (typ-
ically, logogramms, one word = one sign) may considerably hinder the process of perceptive
understanding.
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may at first have stimulated this widening of the primary disposition of the record-
ing system one can only speculate. To an important degree, they are based on
conditions that have been observed for such processes leading to expanded use in
later epochs:

1. particular demands on the recording of proper names (personal names, place
names)

2. of terms and designations in a foreign language

3. a widening of the sphere in which writing is used, that is, a widening of the
circle of users as well as of specific contexts of usage (literature!)

4. the presence of several languages side by side as a phenomenon of limited
“processes of globalization”

5. the elimination of ambiguities and orthographies prone to misunderstanding.

Be this as it may, in Mesopotamia the implementation of new “manners of writing”
is evidently regulated by the alternate play of availability and need. This process
led to a situation, masterfully described by Piotr Michalowski:

The early history of cuneiform might be characterized as one of an
uneasy adaptation of an autonomous communication system to accom-
modate natural language. By the middle of the third millennium the
new system was capable of representing full utterances, but it was still
something of a mnemonic device to the extent that no attempt was
made to represent with precision all aspects of language. Only ker-
nel elements were noted, and these were not inscribed in the order in
which they were read. Thus a verb, which in later writing might have
numerous affixes, would only carry one or two prefixes. The reader
was expected to provide the missing elements and to unscramble the
signs into their proper sequence. The graphic elements needed for
fairly accurate phonological representation of Sumerian language were
all in place, [...] but that was not the goal of the recording system.
(Michalowski 1994, 25)

By the second quarter of the third millennium, this process seems to have reached
a certain optimum: the proportion of logographic and phonetic-syllabographic
graphemes becomes stable. Even “frozen” ways of writing begin to appear, that
is, ways of writing in which a convention of writing stands in opposition to the pho-
netic reality. While Sumerian texts are mostly rendered in a morpheme- and word-
centered manner, in second-millennium documents we find also syllabographic
renderings—thus a “syllabic orthography” existed. But, as Cooper puts it:

Despite the obvious capability to write texts entirely phonetically [...]
the resistance to a purely phonetic orthography which would have
greatly simplified these writing systems suggests that certain ideolog-
ical biases in favour of traditional logophonetic writing were working
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against Gelb’s ‘principle of economy aiming at the expression of lin-
guistic forms by the smallest possible number of signs. (Cooper 2004,
91)

An interesting situation arises toward the end of the cuneiform cultures, more
precisely, in Hellenistic times. For centuries past, Aramaic had competed with
Akkadian as the major language for social interaction and administration. In ev-
eryday life, the Aramaic alphabetic script was used increasingly for documentation
in cuneiform. Depending on the region and the socio-political situation, this pro-
cess of superposition and substitution varied in intensity and speed. However,
cuneiform script was more and more restricted to monumental-representative and
to scholarly contexts. The process was hastened by the final collapse of the last
great empires of the Ancient Near East in the seventh and sixth centuries as well
as the Macedonian conquests in the fourth century BCE. It is true that in the big
institutions of the southern cities, up until the first century CE, cuneiform contin-
ued to be written down. But the loss of the corresponding abilities and thereby the
loss of the observations, practices, and items of knowledge laid down in cuneiform
was an imminent threat. Though expertise in cuneiform shows up even in Late
Antiquity, the latest cuneiform texts known today date to the end of the first
century CE. The fading of the cuneiform script marks the end of a long-lasting
process, which was most probably triggered by the creation of alphabetic systems
in the eighteenth century BCE and accelerated by socio-political developments in
the following centuries.

But there was at least one interesting attempt at a transfer of the cuneiform
materials into a different writing system in order to maintain access to certain
aspects of the cuneiform tradition. The so-called Graeco-Babylonica are a case in
point.?® They are documents that transcribe texts from the Sumerian and Akka-
dian tradition in Greek letters, that is, a phonetic transcription of the ancient
cuneiform languages to the young Greek alphabet. The texts exhibit a relatively
strict consensus on how to “transcribe” the phonetic record of Sumerian and Akka-
dian. In a certain sense the procedure enlarged the well-known tradition of tex-
tual biliteralism—giving a more or less convincing translation of a given (generally
Sumerian) text to Akkadian—with the practice of indicating the pronunciation of
signs. In this case, the transfer is not only from language into writing, but from an
already “written” language, with a decisive emphasis on phonetics. What could
be the aim of such an attempt if not that of overcoming the hermetic tradition of
the cuneiform culture and the clusters of knowledge that were embedded within
it.

Writing is closely associated with the term text, referring to both the outer
format as such, as well as to the inner structure, the fabric, the tissue of words
and meanings. But textuality and the use of writing do not principally coincide as
they pertain to different descriptive systems (Ehlich 2007). De facto Egypt as well

28See (Geller 1997; Westenholz 2007).
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as Mesopotamia point to a multimedial textual concept, thus allowing for “texts”
even in the earliest phases of writing (Morenz 2007). Protocuneiform and archaic
cuneiform documents represent in fact virtually open texts in condensed clusters
of information (Selz 2007). These “texts” are principally open with respect to the
language used for their interpretation: verbalizing, paraphrasing, extending, and
unfolding the given information. Several external factors may influence a “text.”
There is, for instance, the question of genre, which heavily determines a text: a
mythological narrative will exhibit specific features not found in a legal document.
But not only the normative impact of written genre has been considered, the role
of non-written traditions and their impact on written tradition in pre-modern lit-
erate societies has seen much debate.?? On the other hand the fixation of speech
and speech-bound texts in writing generates new and different cognitive potentials,
especially if literacy is not only bound to the communicative memory of a society,
but also relates to its cultural memory.?® The two expressions have lately been
used with reference to ancient societies, denoting the societal interest of either
transferring information within society (communicative memory) or keeping infor-
mation available (cultural memory). Writing pertains to both concepts, as it links
the aspect of communication to both the storage and performance of information.

5.4 Literacy and the Material Aspects of Writing

From what has been said, the impression may arise that writing is an autody-
namic force, being at the same time a vehicle and a motor for the globalization of
knowledge. This is certainly not the case. Some of the limiting factors connected
to the spread of information via writing have been hinted at above. In a certain
sense writing stands in opposition to the globalization of knowledge insofar as it
is a technique that requires a high degree of specialization in practices that are
localized in both space and time. In societies with restricted literacy, and even
more so in premodern societies, this is the dominant pattern!

Another perspective, too rarely adopted, has been recently highlighted by
K. Lamberg-Karlowsky. Our attitude toward the role of writing is heavily biased
by the particular nature of our evidence, the textual record itself being its main
object of study and source of knowing. But it should be kept in mind that, although
evidence seems to suggest a high degree of acceptance for cuneiform script (and its
derivatives) many peoples did in fact renounce such a take-over. This especially
holds true for the initial phase of literacy in the Ancient Near East:

With the exception of a single region |[...] every settlement ‘colonized’
by the literate i.e. during the so-called Uruk-expansion refused to adopt
the written tablet as a communicative device. [...] All indigenous com-
munities exposed to literacy, whether the Proto-Elamite culture on the

298ee (Wilcke 2000; Macdonald 2005).
30See (Assmann 1992; Raible 1999).
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Iranian Plateau, the Uruk in northern Mesopotamia and Anatolia, or
the Egyptian in the Levant, refused to assimilate and adopt the writ-
ten sign as a communication device. It is perhaps difficult for us to
accept that writing, a technology which we highly prize, would be self-
consciously avoided. Perhaps this is why shelves of books discuss the
origin, function, and nature of writing, while the apparent avoidance
of becoming literate is all but ignored. (Lamberg-Karlovsky 2003, 63)

Although it may seem to be a quite difficult undertaking to estimate the de-
gree of literacy in Ancient Near Eastern societies, some general observations may
be drawn from the available evidence-differing from time to time and from region
to region. Thus it can be shown that one has to account not only for a gener-
ally restricted number of literati, but also within this group differing types and
degrees of functional literacy.?! Full comprehension of the writing system and its
capabilities was limited, for the most part, to very few members of an intellectual
elite. This mode of restricted literacy, that is, only a small group was able to han-
dle the technology competently in all its details, underscores the important role
of writing as a part of Herrschaftswissen (Pongratz-Leisten 1999). Nevertheless,
even before the invention of the alphabetic mode, simplified but fully functional
syllabaries allowed a much broader usage of writing. So, for instance, Old Assyr-
ian cuneiform script (used during the nineteenth and eighteenth centuries BCE
in Northern Mesopotamia and Anatolia in a primarily economic (long-distance
trade) context) attests to a highly efficient variant of syllabic cuneiform: less than
100 signs were sufficient to encode speech adequately. But interestingly enough
this system was not continued even though it could have been easily transferred.
It is not clear whether the political situation or, for instance, ideological (prestige)
motives, or even the sheer resistance of more complex, existing cuneiform writ-
ing traditions, can be held responsible for this situation. A similar case can be
observed in the Early Iron Age Aegean (Sherrat 2003).

Literacy then is not a constantly growing feature of Ancient Near Eastern
civilizations and thus cannot be seen as a factor enabling or even fostering the
process of the globalization of knowledge. On the contrary, the level of the use of
writing varies on all scales, from the micro-level of individuals to the macro-level of
entire societies. The oscillation between varying degrees of literacy is well known
from other historical periods, but the closest parallels to the Ancient Near Eastern
situations are offered by medieval Europe. From the eleventh century onwards,
for example, a close connection between new approaches to doing business and
literacy can be observed: the growth of literacy is a consequence of the production
and retention of records, as well as an increasingly dense network of referential
uses of written record (Clanchy 1979).

But what about the consequences of a given implementation of script-based
communication within a society, which to a large extent bases its system mainly

31For a systematic approach, see (Wilcke 2000).
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on forms of oral communication? How does such a scriptural turn influence the
authority of the spoken word?32

The transition from language as sound to writing as symbol is the
same as the transition from voice to text and from chief to king. There
is a relationship between authorship and authority. Writing is the
isolating symbol of power. It isolates the literate and the powerful
from those who are illiterate. In virtually every case in which writing is
invented, it is not the author but the institutional context of authorship
that yields the power. Initially, wherever one finds writing, the author
is anonymous — a tool of administrative power directed by a central
authority. (Lamberg-Karlovsky 2003, 64-65)

Being a tool as well as a sign of power and authority, writing must—especially
in premodern societies—maintain itself in opposition to competing modes of rep-
resentation, transmission, authority, and so forth. It has to continually prove its
societal value. Some intriguing insights concerning the economic side of the imple-
mentation of writing in a society can be gained by means of a simple modification
of the central theme of Coulmas’ book on Language and Economy (Coulmas 1992):
by substituting the word language with writing the following complexes result:

1. “Writing is an Asset”: Writing and Money in the Development of National
Economics (chap. 2)

The Value of Writing: Factors of an Economic Profile of Writing (chap. 3)
Writing-related Expenditures of Government and Business (chap. 4)
Writing Careers: Economic Determinants of Writing Evolution (chap. 5)
Economy in Writing: Economic Aspects of the Writing System (chap. 6)

6. Writing Adaption: Differentiation and Integration (chap. 7)

DAl

It becomes immediately clear that the entanglement of economic interests and the
role of writing are to be considered as important a factor as the globalization of
knowledge, not only with regard to modern periods, but also to premodern times!
Although these perspectives cannot be elaborated within this paper, I should like to
point at least here to the institutional as well as to the institutionalized character
of early writing, which not only has its bearing on obvious aspects such as the stan-
dardization of the system, but also on the content and extension of the knowledge
encoded therein: the training of scribes becomes central to the formation and tra-
dition of culturally relevant bodies of knowledge. However, at the same time, the
fields of scribal engagement were thus shaped, controlled, and determined. Within
their curriculum, exercises and examples not only taught the conventions of writ-
ing and of script, but also aided the formation of spheres of knowledge. These

32The role of “materiality” with regard to early textual culture as Ancient Near Eastern societies
still remains to be investigated. But the range of possible implications is illustrated, for instance,
in (Gumbrecht and Pfeiffer 1988).
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included operational knowledge as laid out in technical literature, recipes, and ad-
ministrative documents, accumulated knowledge deriving from observation, lists,
tables, productive-speculative knowledge, as in, for example, theology, astronomy,
or divination, and representative knowledge, as encoded in literature or royal in-
scriptions. Although the wealth of written documents extant from the historical
phases of Ancient Near Eastern civilizations is indeed impressive, two features must
be kept in mind: (1) the use of writing was restricted and the documents are not at
all representative of the diversity of cultures and societies which were part of con-
temporaneous history—and thus of the many levels and fields of knowledge active
at that time (2) the documentation itself is characterized by a certain anonymity
as regards the fields of knowledge, learning, science, and lore. Certainly, names
of “authors” and of individual scholars are known (mainly from first millennium
contexts), some of them can be followed over several generations, and networks of
experts can be reconstructed especially in late periods in certain fields as astron-
omy, divination, and medicine. Thus some “careers” of scribes and scholars are
nicely documented via the royal correspondence: the king requests their expertise
or discusses particular problems with them. But on the whole—and this is a typ-
ical feature of the Ancient Near East—the individual scholar and expert is seen
(and sees himself) as part of a general tradition; his contribution to the field may
be acknowledged, if at all, in the so-called colophons. These “scribal” comments
are to be found at the end of cuneiform tablets of mostly canonical texts, stating
the “scribe’s” name, family, age, and the circumstances of the edition presented.33

The establishment of writing as a tool of documentation has had another di-
rect impact on the overall organization of societies’ knowledge. The tablets written
had to be stored and methods found for the systematic organization of the written
record. Management of the written record was an essential activity within the
sphere of administration (private or institutional) as well as within the sphere of
“literature” (of all sorts). Yet the managing of records affects primarily two levels
within the system: the level of textual organization and supplementary informa-
tion given on the tablets, such as the above-mentioned colophons, but also the
numeration of tablets within a series, dating, or giving the document particular
external formats and features. These help to differentiate at first glance most
of the written documents. Much more difficult is the organization of complete
files or dossiers. According to the affiliation of the documents, whether private
households, palaces, or temples, the function of archive or library was assigned to
a single room, part of a room, or several rooms. We do know that economic and
juridical documents were kept in baskets, pots (sometimes with name and /or dat-
ing), boxes, and other containers. Larger institutions and libraries stored tablets
on shelves and in small niches. Sizes vary within time and context.?* Although the
Library of Alexandria figures as one of the most prominent libraries in the Ancient
world and is often mentioned as the “prototype” for collectively stored knowledge,

33 A representative collection and overview is given in (Hunger 1968).
34See (Veenhof 1986; Pedersén 1998).
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it must not be forgotten that the Ancient Near East attests to the existence of
similar, but much older institutions. Not many of them have been recovered, but
certainly the great “library of Assurbanipal,” the thousands of texts found in the
residential area in Nineveh, or the libraries at Sippar, Nippur, or Babylon were of
comparable size and importance. The organization of these huge amounts of ma-
terialized knowledge of all kinds, the conditions of accessibility and participation,
the systematization of collecting and excluding texts for these institutions has not
yet been extensively studied. But these materials should certainly be taken into
account when analyzing the role of writing and the globalization of knowledge.
The use of writing enables the logical disciplining of thought (Stetter 1990,
279). This at first glance somewhat banal observation is easily understandable
with regard to the level of content. But of no less importance is the impact of
the materiality of writing on the generation of new knowledge as well as on the
reorganization and redirection of existing fields. It is the scriptural mediation of
thought that is inevitably linked to the external format as well as to the inter-
nal organization of a writing system. Spatiality is a particular characteristic of
writing (whereas language is not spatial, but at best linear!) thus extending the
possibilities of the latter. The formal criteria, the aesthetic profile of a text, the
metapragmatics of writing®® is a domain of knowledge in its own right, trans-
ferred within the practice of writing. Its effects can be observed not only in the
development of previously unknown formats such as tables, which allow for a two-
dimensional presentation of information. But also the subtle technical changes
such as the shifting ergonomics of writing itself are to be taken into consideration.
The morph (form), the external features of a writing system, to a certain extent
directly condition its applicability, for example, with regards to the velocity of
writing and reading. These relate, for example, to the possibility of multiplying
texts, thus producing multiple sets of one and the same record, or making text
easily available. Even the development of cursive writing styles follows from the
ever increasing necessity of writing huge amounts of texts, which do not serve mon-
umental or ceremonial purposes. Rationalization of the process of writing is often
shaped by the demands of speech-related writing. On the other hand the graphic
organization of written text relates to its perception. So, for instance, writing in
scriptura continua is not only difficult for modern readers, but testifies to the tra-
dition of reading as an oral activity (Saenger 1994). The relation between language
and writing may, according to the respective system, necessitate the conveyance of
secondary information, for instance, modes, stress, intonation, even the indication
of word boundaries, the end of phrases, and so forth. Thus many writing systems
develop diagrammatical elements to render phenomena, which are not or cannot
be represented on the sign-level (graphematic) itself, such as spatial distribution
to mark word-boundaries, punctuation, to mark the end of phrases or the mode of
speech (exclamation! request? citation “”), or segmentation of paragraphs to mark

35The term is prominent in anthropological linguistics, but not in grammatology, see (Silverstein
1993).
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contextual boundaries (Raible 1991a); these translate semantic macrostructures
of texts, as well as microstructures of a spoken situation (Frank 1993).

Besides operational knowledge transported by word of mouth or directly (and
indirectly) learned by concrete observation, with the invention of writing a new
quality of exchange arises. Stored in writing, the archives and libraries of the
central places outside of Mesopotamia, such as Boghazkoy/Hattusas in Anatolia,
Ras Shamra/Ugarit on the western periphery, and Tell al-Amarna in Egypt, give an
impression of what the “exported” assemblages of knowledge contained (Pedersén
1998). As these texts—or at least some of them—were part of the curricula they
represent bodies of knowledge and modes of thinking and organizing knowledge.
As such they are not only subject to vertical diachronic transmission within a given
society, but are also part of the horizontal (synchronic and diachronic) transmission
into foreign cultural contexts.

Within the long-lasting process of the globalization of knowledge writing as a
dynamic, yet at the same time systematically controlled Kulturtechnik, manifests
its consequences of different levels. Generalizing the evidence gained from the
situation in the Ancient Near East, the following spheres of interrelation make the
role of writing evident:

as a media for the exchange, transfer, and storage of all sorts of knowledge
as a dimensional extension of cognitive facilities

as a shaper of thought, stimulating paths of reflection and articulation

as giving/limiting/excluding access to certain domains of knowledge

as affecting and transforming societies as a whole.

Sr o=

On different scales and within differing contexts they are concerned with the trans-
mission of knowledge of any kind, whether intuitive knowledge or practitioners’
knowledge, symbolically represented knowledge, technological or scientific knowl-
edge, or second- and higher-order knowledge.
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Chapter 6
The Origins of Writing and Arithmetic
Peter Damerow

6.1 Globalized Systems of Writing and Arithmetic

Writing and arithmetic are cultural techniques which are essential conditions of the
organization of modern societies. They are usually considered as distinct human
activities with distinct origins. However, recent work based on archaeological
evidence suggests a common origin.' It is a basic claim of the present paper that
there were close relations between writing and arithmetic at the time of their
emergence.

Both writing and arithmetic are based on operations with systems of symbols
that represent cognitive constructions, either directly or indirectly.? The main
reason for considering writing and arithmetic to be relatively independent of each
other is that the cognitive constructions they represent and the way in which they
represent them are different.

Developed writing systems are predominantly glottographic. They represent
language by some kind of phonetic coding.? Such writing systems are based on a

1The analysis of the origins of writing and arithmetic presented here focuses on the development
and application of the cuneiform writing system in the ancient Near East. Due to the durability
of clay tablets used as writing material, the excavated tablets and other artifacts from this region
provide an abundance of information, revealing the development from the precursors of writing
and arithmetic in the fourth millennium BCE to the spreading of the technology of writing
throughout the Mediterranean area,see (Sasson 1995, vol. 4), and the creation of Babylonian
mathematics, see (Robson 2008).

2The term cognitive construction is used here in the widest sense, and includes all forms of the
mental organization of feelings, perceptions, beliefs and thoughts. Such mental constructions are
usually organized in cognitive structures consisting of objects represented by mental images or
conceptual structures together with mental operations related to them, systems which may be
called mental models, see (Renn and Damerow 2007) and also the introduction to this volume
(chapter 1). Mental constructions and models can be externally represented by symbols and
symbol systems. The relation between mental constructions and external symbols may be called
iconic if the symbol somehow depicts a mental image, or conventional if the symbol represents a
mental construction only by arbitrary definition. Writing and arithmetic are both tools for the
external symbolic representation of mental constructions and models. They both use primarily
conventionally defined symbol systems.

3We follow Hyman (2006), who offers a conceptual clarification of the various types of relations
between written texts and their meaning, with specific focus on the development of early writing
systems. Glottographic representation of meaning is based on the phonetic coding of language. It
is closely linked to reading since the representation determines the chain of utterances of words.
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Figure 6.1: Obverse, edge and reverse of an archaic Babylonian bookkeeping record
(ca. 3200-3000 BCE).

standardized and stable inventory of graphemes representing words, morphemes,
syllables or phonemes. This inventory has to be historically transmitted by a social
group and to be rich enough to represent an essential part of the language spoken
by this group. According to this definition, cognitive constructions are represented
by writing only indirectly, insofar as they are expressed in language.

By contrast, arithmetical systems are non-glottographic, representing cogni-
tive constructions such as numbers and numerical operations directly.* They are
based on a standardized and stable inventory including graphemes designating
quantities and rules for performing arithmetical operations. This inventory has to
be historically transmitted by a social group and be rich enough to perform basic
calculations comprising additions and multiplications.®

By contrast, a non-glottographic representation of meaning is closely related to verbalizing. In
this case, symbols or chains of symbols determine iconically or conventionally their meaning
without determining how this meaning has to be verbalized.

4For a systematic, theoretical reconstruction of the development of knowledge representation
structures reflecting arithmetical operations, see (Damerow 2007).

5The non-glottographic representation of cognitive constructions constituting arithmetic does
not exclude any significant role language may play for building these up and transmitting them
between members of a social group. Language may serve as a means to make the rules of numer-
ical operations explicit. Language may also serve as a means to conceptualize and communicate
the cognitive context of such rules, in particular, systems of numbers. As far as the relation
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Numerous systems of writing and of arithmetic developed in history and
spread geographically until they reached the level of globalization characteris-
tic of modern societies. Given the great variety of different systems of writing
and arithmetic, this globalization process was anything but a simple process of
diffusion. Throughout the world, local developments of writing and arithmetic
have interacted with each other in various ways. In the case of arithmetic, the
final outcome is a relatively unified system of arithmetical notation and calcu-
lation methods. In the case of writing, the situation is different. Today, as a
result of globalization processes, writing is used all over the world, but neither the
languages nor the writing systems have been unified by these processes.”

The globalization processes of writing and arithmetic, which resulted in the
present situation, are far from being adequately investigated or well understood.
Neither in the case of writing nor of arithmetic is it clear to what extent global-
ization is the result of transfer and diffusion of knowledge from one place of origin
to other regions of the world, and to what extent it is the result of independent
developments that interacted with each other and merged into current systems of
writing and arithmetic.

6.2 When is Writing Writing and When Is Arithmetic Arithmetic?

To investigate the early phases of the emergence, development, transfer, diffusion
and, finally, globalization of writing and arithmetic, the different types of knowl-
edge that evolved over the course of this process need to be identified. Writing and
arithmetic have been characterized above as knowledge representation structures
that are shared and historically transmitted by certain social groups or popula-
tions. They are external representations of mental constructions that over the
course of their development, as will become clear in the following, became increas-
ingly different and independent of each other. What they do have in common is
that the media of these representations are constituted by conventionally defined
symbol systems.

of symbolic representation and language is concerned, arithmetic is thus in a certain sense the
opposite of writing. Writing refers to cognitive constructions by operations within a symbolic
system that represents language by phonetic coding. Arithmetic refers to cognitive constructions
by operations within a symbolic system, which represent these cognitive constructions themselves
by arithmetical symbols and symbolic operations, while language is used only to conceptualize
and verbalize these operations.

6Writing systems and arithmetical systems both exist in different forms using different means of
symbolic representation. Different languages may be represented by different writing systems, or
by the same writing system with the same or with partly different phonetic coding. Correspond-
ingly, different arithmetical systems may be represented by the same or by different systems of
symbolic notation. Even the same arithmetical system may be represented quite differently in
different contexts.

7A further step in the process of globalization, however, may create in a multilingual context a
so-called “lingua franca.” In certain areas of application, such as the field of modern sciences, the
English language in combination with Latin characters developed into a kind of written lingua
franca, facilitating the scientific documentation and communication of scientific knowledge.
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Of course, this common basis of writing and arithmetic is not specific to
such symbol systems. Their use, transmitted by rituals or instruction, goes back
some 10,000 to 40,000 years to the Upper Paleolithic Revolution, that is, to a
prehistoric period of mankind, long before the occurrence of a technology that can
be interpreted as writing or arithmetic as we know it.® In order to understand
how writing and arithmetic emerged, we must study the specific kinds of symbolic
representation that actually contributed to their simultaneous emergence in the
Early Bronze Age.”

Which specific characteristics of those kinds of symbolic representation demar-
cate the onset of the development of writing and arithmetic? Any investigation
of the early development of writing and arithmetic faces a problem: the cogni-
tive constructions they represent were constituted by historically changing sets of
mental operations with varying areas of application. Even if a certain symbolic
representation depicts the same object or setting over a long time, its meaning
may have altered substantially according to the changing cognitive constructions
that determine its symbolic meaning, on the one hand, and to which the object
or setting is mentally assimilated, on the other. The investigation of the origins
of writing and arithmetic therefore requires some conceptual clarification of the
specific kinds of cognitive constructions that formed the basis for the emergence
of writing and arithmetic.

Writing: From a modern point of view, it makes sense to define writing as a
glottographic representation of spoken language by phonetic coding in a lasting
medium. This definition makes sense in a globalized context in which writing is
essentially a universally applied means to represent and communicate all forms of
knowledge. Given that this function of writing is in fact the major characteristic
of its modern use, it is an abstraction from its numerous other functions,'® in
particular from its various functions in different ranges of application, and in dif-
ferent cognitive contexts. However, at the early stages of its development, writing
co-developed with certain areas of the social reality of the time, such as econom-
ical redistribution, multilingualism, foreign trade, religious rituals or the training
of officials. It is precisely the development of the relation between the changing
ranges of application to real objects and the changing knowledge about them that
accounts for the great variety of the early developing writing systems. The modern
definition is indifferent to such conditions. Thus, it comes as no surprise that the
kinds of geographically and historically changing representations of language in
the early phases of the development of writing that may be considered as writing
in the modern sense are a controversial issue.!!

8For a detailed study of the early use of symbols, see (Leroi-Gourhan 1993).

9See (Damerow 1998) for a reconstruction of the cognitive processes involved in the prehistoric
development of symbolic representation.
10For the variety of different functions of writing, see chapter 5.
1 the sequel to the influential study of Gelb (1952), several attempts have been made to classify
the various kinds of symbolic representation involved in the early development of writing, and that
left traces distinguishing writing systems based on Latin characters from other writing systems
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Arithmetic: The situation is similar in the case of arithmetic. From a modern
point of view, arithmetic can be defined as a non-glottographic representation of
numbers and numerical operations by symbols and symbol transformation rules.
Again, this definition makes sense in a globalized context in which arithmetic is
essentially a universally applied means of representing and communicating the
handling of counted or measured quantities of arbitrary objects. The definition
refers to an abstract concept of number. It does not distinguish between differ-
ent ranges of application and different cognitive contexts. At the early stages
of its development, however, arithmetic also co-developed with certain areas of
the social reality of the time, such as the accumulation, trading and redistribu-
tion of commodities in stratified societies, the training of administrators or the
institutionalization of early scholarship, such as Babylonian astronomy, Platonic
philosophy or Euclidean mathematics. It is the development of techniques for han-
dling quantities and for reflecting on and symbolizing the operations with them
that accounts for the great variety of the early developing systems of numerical
operations, some of which survived among recent indigenous cultures comparable
to those of the Stone Age. Before they had contact with the modern world, the
tribes of Australia and South America did not count beyond three. Other indige-
nous cultures used extended counting techniques, such as the body counting of
the natives of New Guinea, and sometimes also used tallies to control quantities.
But the areas in which these techniques were applied were narrowly restricted.
Moreover, these techniques did not necessarily include numerical operations, such
as additions and multiplications, which today are associated with any number
concept.'? Since the modern definition of arithmetic is heavily influenced by the
Platonic and Kantian tradition, according to which the number concept is an a
priori concept, not resulting from experience, it is not affected by the historically
and geographically changing cognitive constructions on which numerical opera-
tions were based. Thus, this definition does not enable a decision about which
early arithmetical techniques indicate knowledge about numbers in the modern
sense.

In view of these ambiguities concerning the common concepts of writing and
arithmetic, we will distinguish here systematically between proto-writing and writ-
ing, and also between proto-arithmetic and arithmetic. The term proto-writing will

such as Chinese, Hebrew or Arabic; see, for example, the second chapter of (DeFrancis 1989,
20-64). From his taxonomy, Gelb speculatively derived a universal sequence of the development
from non-glottographic symbols to glottographic writing, which led him to erroneous claims
such as that the then still undeciphered writing system of the Maya could not be based on
phonetic coding (Gelb 1952, 54-59), a claim that, after the successful decipherment of the
Mayan writing system, turned out to be fallacious. While the classification of writing systems
and their constituents provides helpful tools for the description of the differences between them,
such a classification in itself contributes little to the understanding of the historical processes
that determined their emergence, development and globalization. For a thorough critique of the
interpretation of typological ideals as an evolutionary stage, see (Michalowski 1994).

12For a theoretical reconstruction of the cognitive background of such techniques, see the classical
study of Wertheimer (1925) and the extended analysis of Damerow (1996, in particular chapter 9).
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be used to designate the non-glottographic symbol systems that historically precede
writing and share some functions with the writing system they precede, but that
could not have been used to represent, independent of context, the flow of free
speech.!> The term proto-arithmetic will be used to designate symbol systems,
such as tallies or units of counting, for controlling quantities in direct relation-
ship with the objects and symbols that represent these objects. Such systems of
symbols do not represent any kind of context-independent numbers reflecting ac-
cumulated experiences achieved in the process of controlling quantities by means
of correspondences. Their invention and use may have resulted in the develop-
ment of arithmetical techniques, but they can be used for controlling quantities of
objects, even without any cognitive numerical construct.

6.3 The Emergence of Proto-Cuneiform Bookkeeping in the Ancient
Near East

The following analysis of the origins of writing and arithmetic will focus on the
development of cuneiform writing in Mesopotamia. There are two reasons to
analyze specifically the early development of the cuneiform writing system.

First, cuneiform writing, as far as we know, is the earliest writing system in
the world.!* During the roughly 3,000 years of its use, it spread to many regions
of the Near East and moreover influenced directly or indirectly the development of
numerous other writing systems used in the Mediterranean area and the Western
part of the Eurasian continent.

Second, due to the durability of clay as a writing medium, the early history
of the cuneiform writing system and its possible precursors are documented by an
abundance of archaeological findings. Moreover, a long tradition of archaeological
and philological research contributes to the existing knowledge in this field of
scholarly study, so that the answers to many questions are not dependent on more
or less risky speculations on historical opportunities and possibilities.

Two major kinds of symbolic representation used in Mesopotamia and in
neighboring regions have been considered as immediate precursors of writing. One
is the use of seal impressions on the stoppers of storage jars, door locks and other
means of securing property. They indicate ownership by symbolically representing
the owner, or ensure some kind of legal binding by symbolically representing the
person or institution that controls, through influence or power, the adherence to
the social behavior signified by the seal impression. Such seal impressions were pro-
duced by stamp and cylinder seals. They were invented in the fourth millennium
BCE in Mesopotamia, and later adopted in Egypt and by the Indus civilization.

131t should be noted that this definition does not exclude that phonetic coding was used for
specific purposes.

4 This is obviously true for the early writing systems of China and Meso-America, which were
created independently, but developed or at least attested only much later. The situation is
less clear in the case of Egyptian hieroglyphs. See the discussion of the earliest attestations of
Egyptian writing by John Baines in (Houston 2004).
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The representation is partly iconic, depicting persons, objects, mythological fig-
ures or complex scenes, but it seems obvious that their main reference to the social
setting in which they were used was conventionally determined by the activities
and transactions with regard to which they functioned.'®

The other kind of symbolic representation that contributed directly to the
invention of writing is a certain use of small, geometrically shaped tokens made
from clay. Thousands of such tokens have been found at archaeological sites scat-
tered over the regions of the Near East. The function of these tokens remained
obscure until their connection to the origins of cuneiform writing was discovered.
This connection is still the subject of controversial debate.'® There is, however,
a basic agreement that at least in the second half of the fourth millennium BCE,
such tokens were used as counters, that is, they were used in direct relationship
with objects or units of measurement.

Some of the tokens look like icons of the objects they may have represented.
They are shaped like small models of these objects (animals, containers, and so
forth). The shapes of some of them resemble signs of the later script, suggesting
that they had a function similar to that of logograms of early writing systems.
Most of the tokens, however, are completely abstract (spheres, cylinders, cones,
tetrahedrons, lenses, discs, pellets). Their relation to the objects they may have
represented must have been determined merely by conventions concerning their
use in certain contexts. In the second half of the fourth millennium BCE, combi-
nations of equal or partially different tokens were occasionally included in closed
and sealed hollow clay balls, securing as bullae the information represented by
these combinations. While such closed assemblages would obviously represent sig-
nificant indicators of the ultimate arithmetic meaning of early clay markers, the
evidence from opened or scanned clay balls is so meager as to be discountable.
Thus, tokens shaped like models of objects have not been demonstrated to have
been included among such assemblages; nor can we state with any confidence
whether counts of simple tokens within clay balls exceeded some number repre-
senting bundling units in the proto-cuneiform records (generally either six or ten,
dependent on the numerical system involved); and finally, combinations of differ-
ently shaped tokens in the balls do not show regularities that would indicate the
representation of standardized numerical systems.'”

Nevertheless, there can be no doubt that the tokens were actually used as
counters. The strongest indication for this use is provided by marks that were
sometimes impressed into the moist clay surfaces of the bullae using a stylus, fin-
gers, or the tokens themselves. With few exceptions, such impressions correspond
precisely to the tokens inside; they map combinations of impressions to combi-

15See the interesting attempt to reconstruct the hierarchy of the administration of Susa before
the invention of writing from the application of sealings and their motifs by Dittmann (1986).
16For an extensive documentation of such tokens, see (Schmandt-Besserat 1992). Her classifica-
tions of these tokens, the attribution to specific archaeological layers and thus her datings, as
well as her speculative interpretation of their functions, however, have met with severe criticism.
17See (Bauer et al. 1998, 46-56; Englund 2006; Damerow and Englund forthcoming).
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nations of counters. Furthermore, the arrangements of such impressions resemble
numerical notations in the later script. Summing up these findings, the tokens
were used as counters, but cuneiform lacks the essential attributes of abstract
numbers. They were used as proto-arithmetical tools in the sense defined above.

The archaeological findings show another innovation which occurred around
the same time as the sealed bullae: small sealed clay tablets bearing combinations
of marks similar to those sometimes impressed into the surface of bullae. These
so-called numerical tablets share with the counters the lack of indications for stan-
dardized numerical systems. These so-called numerical tablets seem to share with
the counters an ambivalence to the standardization of numerical systems. For
instance, numerical signs were repeated more than nine times in some documents
from Jebel Aruda. This indicates that in those documents the signs may still
have represented the real objects or containers, although these sign clusters were
themselves embedded in strings of numerical signs, suggesting the full notations
reflected an advanced system of numerical bundling (Bauer et al. 1998, 50-51 and
214).

Around the end of the fourth millennium BCE, another innovation was intro-
duced which was key to the development of writing and arithmetic. Clay tablets
found in Uruk in southern Mesopotamia, in Susa in the region of Khuzestan, and
(one example) in Godin Tepe in the Zagros mountains of Iran, as well as a seal
impression and a numerical notation, display one or two graphemes drawn with a
stylus onto the moist clay. These graphemes on numero-ideographic tablets indi-
cated the object, the quantity of which was registered by the numerical notation.

The invention of graphemes complementing seal impressions and numerical
notations offered virtually unlimited opportunities for representing structured in-
formation. It was much easier to invent a new grapheme than to carve a new seal.
Furthermore, by using graphemes and dividing the tablets into different fields,
more information could be placed on one tablet than was previously possible.
These opportunities were soon used extensively. Hundreds of different graphemes
were invented. These were standardized, at least partly, to represent objects, per-
sons, institutions, types of transactions, and so forth. The tablets were divided
by lines into hierarchically ordered fields, each one containing a specific entry pro-
viding information about some economic activity. The nearly 5,000 extant tablets
and fragments of such proto-cuneiform adminstrative texts represent the earliest
form and, at the same time, a transient stage of the development of both cuneiform
writing and Babylonian arithmetic.

6.4 The Inherited Semantics of Proto-Cuneiform Administrative
Tablets

Proto-cuneiform writing inherited from its preliterate precursors its area of appli-
cation as an administrative tool and its functions within the context of adminis-
trative control. The preliterate administrative tools (seal impressions, counters,
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stylus impressions representing counters) were used to control activities such as
various kinds of transfer of economical resources and products. In order to control
these activities, information had to be available about the four types of conditions
that determined an activity of this kind: the kind of resource or product involved;
the amount of this resource or product; the agent concerned by the activity; and
the official or office in the administration responsible for controlling the activity.
Precisely these four conditions are the main semantic categories of proto-cuneiform
administrative tablets.

The administrators using the preliterate precursors or these tablets (numerical
tablets with seal impressions and numerical notations) to record such conditions
were unable to document them in a way that the resulting documents could be
interpreted independently of the context. In order to interpret, for instance, a
numerical tablet or sealed bullae with counters, and to derive the specific infor-
mation about who authorized what with these documents, a number of conditions
have to be known: the owner of the seal; the kind of activity he was responsible
for; the type of product related to the specific activity; the procedure of counting
or measuring the amount of the product applied in this case; and the function of
the document.

The numero-ideographic tablets made one of these implicit categories of in-
formation explicit by introducing graphemes for the objects of the documented
activities, thus paving the way for the invention of proto-cuneiform. In the de-
veloped proto-cuneiform system, this inherited category was the general semantic
class of many graphemes with iconic relations to various resources and products.

This did not lead, however, to a logographic archetype of cuneiform writing, as
was often taken for granted (Gelb 1952). The use of graphemes was not generalized
from words or morphemes of the Sumerian (or any other) language, but rather from
implicit and explicit semantic categories of bookkeeping practices; graphemes did
not represent these categories independent of such practices. Proto-cuneiform was
developed to improve the functions of its preliterate precursors. This required a
greater variety of semantic coding than the simple matching of graphemes with
objects. Thus, agents, officials and offices, in particular, were no longer represented
predominantly by seal impressions and the context of their use, but by newly
created sign combinations.

A statistical analysis has shown that the number of such sign combinations
is much higher than the number of uses that could be interpreted as logographic
(Damerow and Englund forthcoming). The subject of this analysis was a sample
of eighty-six closely related tablets and tablet fragments: the tablets of the former
Erlenmeyer collection.!® The sample tablets contain about 780 entries. The num-
ber of different signs and sign combinations of these entries representing products

18The collection, preliminarily published in (Nissen et al. 1993) and electronically accessible at
the CDLI website, http://cdli.ucla.edu (search for the primary publication MSVO 8), turned
out to be highly significant for our understanding of the sign combinations representing agents
of economical transactions. In 1989 they were auctioned off; the auction at Christie’s in London
included lots with several artifacts each. The majority of the tablets were purchased by the
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is less than thirty, but the number of different sign combinations representing
agents concerned with the registered activities is greater than 300.

The significance of this result in revealing the extent to which proto-cuneiform
writing represents language patterns becomes evident if we extrapolate the figures
to the total corpus of the more than 6,600 proto-cuneiform tablets and tablet
fragments. This corpus contains close to 40,000 entries.'® Assuming that the
statistical relations are roughly similar to those in the analyzed group of sample
texts, we have to expect more than 23,000 different sign combinations representing
agents. If proto-cuneiform sign combinations should, in fact, represent language
patterns, these sign combinations representing agents are evidently the candidates
for phonetic coding. However, in spite of the fact that in many cases the pho-
netic values of the corresponding signs of later cuneiform writing are known, the
attempts to interpret the sign combinations as phonetically coded Sumerian or
Akkadian names, or designations of institutions, failed. After some eighty years
of work on the question of the language affiliation of the proto-cuneiform corpus,
the debates surrounding it still focus on less than ten examples of alleged phonetic
readings.

The emergence of proto-cuneiform brought about innovative new technologies,
also with regard to how quantities of resources and products were controlled.
The numerical signs of proto-cuneiform tablets are now highly standardized and
organized in numerical systems with standardized relations between the different
units. Combinations of units were converted into a standardized form by replacing
repeated numerical signs by signs with a higher value as soon as the value they
represent was reached.

The resulting numerical notations, which often represent hundreds of thou-
sands of units, seem to correspond perfectly to the later tradition of the arithmetic
of cuneiform writing. This impression, however, is misleading. The standardized
numerical systems inherited the lack of differentiation of quantity and quality from
the context-dependent use of their precursors. This resulted in a short-lived tran-
sitional system of proto-arithmetic, which is unparalleled by any other numerical
system in the world. The basic numerical signs of the proto-cuneiform admin-
istrative documents changed their numerical values depending on the quantified
objects, or more precisely, on the units of the metrological system of their quantifi-
cation. The fact that the values of the signs changed so radically that not even the
order of their sizes was kept constant considerably reduced the ambiguity resulting
from the context-dependency of the numerical notations.

A further characteristic of the numerical notations on the proto-cuneiform
tablets evidencing their context-dependency is the smooth transition between nu-
merical and non-numerical proto-cuneiform signs. Numerical signs were partly

Land Berlin and are now on permanent loan to the Vorderasiatisches Museum; the rest of the
collection is distributed among three other museums and some private collectors.
19See the contribution by Englund in (Bauer et al. 1998, 65-81).
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used also to designate objects, and the incised pictographs of cuneiform writing,
if used in the numerical context of an account, could represent numerical values.

According to the dependency of numerical values on individual contexts, there
existed no context-independent techniques of performing calculations. Additions
could be performed with the numerical impressions as they were performed with
counters. Multiplication did not exist as a generally applicable calculation tech-
nique. However, three types of operations can be identified in proto-cuneiform
administrative documents, which can be considered as precursors of the multipli-
cation technique.

The first type is to reproduce a quantity several times, for instance, to get
from an amount of grain for one day the amount for a month of thirty days. From
an arithmetical point of view, this operation corresponds to a multiplication with
a small natural number. Such an operation could easily be performed by repeated
addition.

The second type of multiplication depends on a numerical relation between
two quantities, such as the rule that for the production of three pieces of a certain
grain product, five units of barley were required. By applying the first type of
operation equally to both quantities, further values with the same relation could
be achieved. From an arithmetical point of view, such calculations correspond to
multiplications with a fraction; in the given example the multiplication with five
over three, but these factors remained implicit and were never written.

The third type of operation corresponding to the later multiplication tech-
nique was the most sophisticated one. Accordingly, the results documented by
administrative documents contain a remarkably high percentage of errors. This
type of operation was used exclusively by surveyors to calculate the areas of fields
from measurements of the lengths of their sides, applying to irregular quadrangles
what is known from much later history as the surveyor’s formula. Arithmetically,
this operation corresponds to multiplying the means of opposite sides. Since the
system of length measurements and the system of area measurements were not co-
ordinated with each other, the procedure had to be specific for this single purpose
and could not be applied to any other type of problem.

Thus, the heritage of preliterate administrative tools determined not only the
area of application and the functions of the proto-cuneiform writing system, but
moreover the detailed semantics of its sign combinations. The outcome was a
historically unique, integrated system of proto-writing and proto-arithmetic in the
sense defined above.

6.5 The Emergence of Proto-Cuneiform Bookkeeping as a
Transformation Process

The extant proto-cuneiform tablets with their incipient form of writing and arith-
metic provide us with a missing link between non-literate and literate societies.
They show that the seemingly sudden emergence of writing and arithmetic at the
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turn of the fourth to the third millennium in Mesopotamia was actually the re-
sult of a complex transformation process. On the one hand, the proto-cuneiform
system documents the end of a long-lasting historical process of transformation,
encompassing several independent dimensions. On the other hand, it represents
only the nucleus from which writing and arithmetic emerged.

The roots of both cultural techniques reach back into the Upper Palaeolitic
when humans began to represent mental constructs by iconic or abstract symbols.
What we know from ethnology about indigenous cultures indicates that, on this
basis, the use of tallies in rural communities and probably even the use of limited
counting sequences may have been established. However, for some 10,000 years,
characterized by the globalization of agricultural, ceramic and metallurgical tech-
nologies, no remarkable further developments toward the invention of writing and
arithmetic can be identified.

The change that can be observed in the second half of the fourth millennium
can be conceived of as a transformation process that was triggered by the estab-
lishment of a redistributive economy in the context of the emergence of cities,
and the stratification of the society in early state organizations. This transforma-
tion process started with an exploitation to their limits of the potentials of existing
tools of symbolic representation, followed by a transfer of symbolically represented
information to a new medium. Two types of independent information were con-
cerned: the information represented by combinations of counters used to control
quantities; and the information represented by seal impressions used to secure the
objects of the administration. These types of information were transferred to this
common medium by using sealed clay bullae with combinations of tokens inside
and, finally, sealed clay tablets with numerical impressions.

The extant simple-shaped clay counters used in rural communities for control-
ling small quantities of resources and products were differentiated. The increased
number of shapes corresponds to the new economical circumstances, which re-
quired greater quantities of more objects to be controlled. But the limitations
created by such an exploitation of tools for a completely different social setting
are obvious. Thus, it comes as no surprise that they soon underwent a transfor-
mation process.

The transformation of these tools started with a transfer of two types of in-
dependent information to a new common medium. The information represented
by combinations of counters used to control quantities and the information rep-
resented by seal impressions used to secure the objects of the administration were
transferred to this common medium by using clay bullae and, finally, clay tablets.
The potential of these clay tablets, in particular, determined the further develop-
ment toward proto-cuneiform writing. They enabled the represented amount of
information to be extended and an increase in the number of semantic categories
for different types of information. This new potential was first used by means of the
numero-ideographic tablets to indicate the objects of economic transactions. To a
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greater degree than their preliterate precursors, such tablets became independent
of the context in which they were written.

The potential was further realized by three innovations. First, the semantic
categories of the newly introduced graphemes were extended so that they could
cover all types of information needed for controlling the accumulation and distribu-
tion of resources and products. Second, the economic and administrative activities
involved were modeled in terms of these categories, and representation structures
were created for mapping the modeled activities onto the tablets. Third, the
graphemes and formats created in this process of transforming information were
standardized, as far as this was possible.

The administrative proto-cuneiform documents representing the majority of
the texts of the proto-cuneiform corpus can thus be considered as the transfor-
mation of a mental model of the accumulation and distribution of resources and
products into an external symbolic representation comprising formats for the major
categories of economic information and rules for symbolic operations representing
economic and administrative activities. This interpretation of the documents im-
plies—as far as the administrative texts are concerned—that the development to-
ward the proto-cuneiform writing system did not involve any substantial tendency
to eliminate the dependency of either the semantic of the numerical notations, or of
the additional graphemes on their function to control economical processes. Proto-
cuneiform writing thus remained essentially a system of proto-writing, and the
calculations performed with the context-dependent numerical notations remained
essentially operations in proto-arithmetical systems. Both systems, of course, were
incomparably more complex and powerful than their preliterate precursors.

This was not the end of the transformation process, however. The adminis-
trators of the early city states of Mesopotamia used proto-cuneiform tools exclu-
sively to control economical transactions, but their potential to represent mental
constructions reached far beyond this limited field of application. This implicit
potential of proto-cuneiform to be further developed toward writing and arith-
metic, however, was first noticeable only as a side effect of its main functions.
The great number of graphemes with conventional meanings required some kind
of institutional support for transferring the necessary knowledge for their use from
one generation to the next. Such training institutions, then as now, do not realize
economical goals, but rather teach how to use tools. Thus, we find attempts to
generalize proto-cuneiform writing and its inherent techniques of operating with
numerical notations specifically in a school context.

6.6 The Unexplored Transition from Proto-Writing and Proto-
Arithmetic to Writing and Arithmetic

With regard to this further development, an atypical group of some 670 texts and
fragments deserves closer attention. These represent standardized lexical lists (En-
glund and Nissen 1993) which are generally considered to be school texts. The lists
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contain entries ordered by semantic similarity. Some of them contain sign combi-
nations related to resources and products such as animals, plants or manufactured
products; others contain sign combinations related to geographical locations and
persons. One list may even represent some kind of text of an oral rhetoric tradi-
tion. If these lexical lists did, in fact, serve to teach signs and sign combinations
relevant for the later bookkeeping practice of the disciples, one would expect a
high communality with the designations of resources and products that occurred
frequently in the proto-cuneiform administrative documents. This, however, in
general is not true. Simple sign combinations, which are recorded mainly at the
beginning of a list, are often used in administrative texts as well. More complex
sign combinations, however, can rarely be found in the corpus of administrative
texts. The scribes who designed the lexical lists and probably used them for teach-
ing purposes had a more sophisticated perspective in mind than to simply satisfy
the immediate requirements of the administration’s practitioners.

A similar tendency to depart from administrative purposes is characteristic of
certain texts with calculations, which were obviously written in an educational con-
text. Apart from their formats, which differ from the standard formats of admin-
istrative proto-cuneiform tablets, these texts characteristically contain problems
that never occurred in practical contexts. One way to construct such problems
was to use unrealistic numerical values, for instance, by asking the area of a field
to be calculated, giving measurements that were much too large for any real field.
Another way, which is attested only in later texts, however, was to reverse the
problems of the practitioners. While the surveyors of the administration always
measured the lengths and widths of fields and calculated the areas, in such a prob-
lem, the area of a field together with its length may be given and the task would
be to calculate its width.

Such extensions of the main functions of administrative proto-cuneiform doc-
uments may have triggered the development of proto-cuneiform into cuneiform
writing, and of proto-arithmetical techniques of calculation without numbers into
the arithmetic of Babylonian mathematics. It is also possible, however, that spe-
cific achievements in the context of teaching and learning played only a minor role
in the development toward writing and arithmetic. There were at least several
other factors that may have initiated this development. The conditions which
determined, in Mesopotamia in particular and in the wider area of neighboring
regions in general, the further development of writing and arithmetic were, in fact,
different from and much more complex than those that induced and constrained
the creation of proto-cuneiform.

1. The proliferation of persons, institutions and locations to be identified made
it increasingly necessary to find a coding principle (phonetization) according
to which the symbolic coding and decoding of names could be simplified.
(Charvat 2002)
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2. The areas of application in which writing was used were extended from the
documentation of economical activities, first to the support of memorizing
orally transmitted texts such as hymns, incantations, proverbs and epic po-
ems, later also to formalized texts with variable content, such as contracts
and legal documents, and, finally, to freely composed texts such as letters.

3. The development in the third millennium BCE from the city states of the
Early Dynastic Period (Ur, Shuruppak, Girsu, and so forth) to empires,
which at times covered great parts of Mesopotamia (Sargonic empire, Ur
IIT state), consequently had growing bureaucracies which brought about the
specialization of scribal professions and the introduction of specialized termi-
nologies and mathematical techniques used, in particular, in administrative
units.

4. Proto-cuneiform was developed into cuneiform writing in a multilingual set-
ting in which, in particular, Sumerian, a language with unknown provenance,
and the semitic language Akkadian coexisted with alternating dominance.

5. Proto-cuneiform was not the only writing system to emerge at the end of
the fourth millennium BCE. Two other writing systems were created which
were related in different ways to proto-cuneiform: the proto-Elamite writing
system of the highlands of Iran?® and the system of Egyptian hieroglyphs
together with its hieratic form.2!

6. From the end of the third millennium and throughout the second millen-
nium, cuneiform writing systems were created in the Levantine and Anato-
lian regions to the west and north west of Mesopotamia for several languages
(Hurrian, Hittite, Hattic, Palaic, Luwian, Ugaritic). At the same time, to the
east of Mesopotamia, cuneiform Elamite was created and used throughout
the area until the second half of the first millennium when it was comple-
mented by Old Persian cuneiform.

7. Around the same time, some completely different writing systems began
to emerge and later disappeared again, partly in some of the regions to the
north and to the east of Mesopotamia (Anatolian hieroglyphs, linear Elamite,
Indus script), partly further west in the Mediterranean region, in particular
on the islands of Cyprus and Crete (Cretan hieroglyphs, Linear A, Linear B,
Cypro-Minoan syllabary). Furthermore, in the mid-second millennium in
the Levantine region, the first alphabetic systems emerged (Proto-Sinaitic,
Proto-Canaanite) followed by the Phoenician alphabet at the end of the
millennium. Finally, the widespread alphabetic writing systems of the Arabic
and the Greco-Roman world were created. These have survived until the
present day.

208ee Englund in (Houston 2004, 100-149; Dahl 2005).
21See Baines in (Houston 2004, 150-189; Wengrow 2006).
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This brief survey of the conditions that induced and constrained the develop-
ment of writing and arithmetic shows that the development of the various systems
of writing and calculation cannot have followed a common pattern, but must have
been different under different social, geographical and historical conditions. The
development of writing and arithmetic depended on the interaction of different
processes, such as:

1. the phonetization of a system of proto-writing, at the beginning allegedly
(in the case of proto-cuneiform) by using the rebus principle, followed by the
creation of standardized syllabaries or alphabets,

2. the generalization of the areas of application of a writing system, followed
by a differentiation into segments, often with different lexicons, partly even
with different syntax and different ways of constructing semantic relations
as, for instance, in the case of the differentiation of writing and mathematics,

3. the adaptation of a writing system to a language other than the one it was
created for,

4. the dissemination of writing and arithmetic by trade or by the migration of
people,

5. the development of writing and arithmetic stimulated by the influence of one
system on another,

6. the reinvention of techniques of writing or arithmetic triggered by the diffu-
sion of incomplete information about a system that already existed,

7. the independent development of techniques of writing or arithmetic in dif-
ferent cultures with similar constellations with regard to the conditions that
induced and constrained such development.

How writing and arithmetic developed in different geographical regions and
under different historical conditions, and how they finally became globalized in the
sense explained at the beginning of this paper, was determined by the interaction
of such processes. Any explanation of specific historical developments of these
cultural techniques has to take into account that they depended not only on the
internal opportunities and constraints of the specific system of symbolic represen-
tation that was used, but also on interaction and exchange processes within and
between cultures. From the viewpoint of this theoretical perspective, the devel-
opment of writing and arithmetic from its beginnings to its globalization seems
to be only insufficiently investigated. Disciplines such as archaeology, philology,
linguistics and history of mathematics, which are concerned with aspects of this
development, have contributed studies about the influence of specific conditions
on specific developments, but the interdisciplinary integration of their results is
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still inadequate. Certain research deficits concern crucial details that require disci-
plinary research. These can only be identified by integrating the results of different
disciplines.

As far as the origin of writing and arithmetic is concerned, in particular
the origin of cuneiform writing, the situation can be briefly characterized in the
following way. Three systems of writing (proto-cuneiform, proto-Elamite, Egyp-
tian hieroglyphs) were created at nearly the same time, but their fates were dif-
ferent. Proto-cuneiform developed into cuneiform, which was disseminated and
spread over great parts of the ancient Near East, influencing the development of
other systems of writing, until it disappeared at some time in the first millennium
CE. Proto-Elamite disappeared soon after its emergence; it was later replaced by
cuneiform writing. Egyptian writing developed in parallel to the development of
cuneiform writing into a full-fledged writing system for the Egyptian language.
It survived along with cuneiform and disappeared at around the same time, but
its use remained essentially restricted to Egypt itself. What was the reason for
the near simultaneous emergence of the three systems? To what extent did they
emerge independently of each other? How can their different fates be explained?
How did the feedback of their different fates influence their internal development?
These questions remain to a great extent unanswered, or the answers that are
given are controversial. Some answers are commonly accepted, but are based on
common-sense beliefs rather than a critical evaluation of the extant sources.

Concerning cuneiform writing in particular, it is well established that fully
developed systems of writing and arithmetic existed at the latest in the first half
of the second millennium BCE, in the Old Babylonian period. At this time,
cuneiform writing was still used primarily for controlling economical activities,
but in addition it was now applied to write down the tremendous corpus of Old
Babylonian literature, letters and legal documents. Similarly, proto-arithmetical
means and notations still played a major role in the context of economical ad-
ministration, but Babylonian scribes had additionally created an unprecedented,
powerful system of numerical notation: the sexagesimal positional system. This
now developed into the esoteric system of Babylonian mathematics, independently
of the development of writing. As a consequence, writing and arithmetic were no
longer dependent on each other and their development was no longer constrained
by their economical function.

Cuneiform writing and Babylonian arithmetic both show specific (from a mod-
ern point of view, odd) characteristics which they never completely lost. The
logo-syllabic cuneiform writing system, as it was used for writing the Sumerian
and the Akkadian languages, was and remained further based on a system that
made extensive use of ideographs and graphemes representing syllables, most of
which were phonetically polyvalent and, in addition, also homophonous to other
graphemes. The resulting structural ambiguity could only be resolved by taking
into account the syntactic and semantic context. The sexagesimal positional sys-
tem of Babylonian mathematics was more seriously deficient since there was no
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sign for zero that could be used to indicate an empty position, and there was no
way of indicating the absolute value of a numerical notation since there was no sign
indicating the border between the whole number part and the fractional part of a
notation. These characteristics of cuneiform writing and arithmetic require expla-
nations to clarify how they emerged as an effect of the constrained development
of the two cultural technologies.

Proto-cuneiform writing, on one hand, and Old Babylonian writing and arith-
metic, on the other, mark the onset and the offset of complex developmental pro-
cesses over a period of some 1,000 years. Many details of these processes have
been successfully reconstructed, but they were mostly, if at all, interpreted in
speculative historical narratives which are simplistic and often contradict knowl-
edge achieved in other disciplines or by specialists working on another aspect of
the historical process. What happened in the 1,000 years between the late Uruk
and the Old Babylonian period still merits further study. Concerning the devel-
opment of writing, for instance, it has been argued that the complex logo-syllabic
structure of cuneiform writing resulted from the rebus principle, which allegedly
determined the earliest stage of phonetization.?? It is assumed that at a time when
a stable syllabary did not yet exist, homophony between ideographic symbols for
recognizable objects and phonemes occurring in names and abstract words, which
could not be represented pictographically, was used ad-hoc to enable the sym-
bolic representation of such names and objects. This would not only explain how
ideographs were complemented with phonetic values, but also why the cuneiform
writing system had so many homophonous and polyphonous graphemes. Rebus
writing would automatically create homophony, since this is what it is based on,
and polyphony, since the same object may have had different designations.

This simple explanation cannot be applied convincingly to the extant sources.
The few examples of rebus writing that allegedly have been identified in proto-
cuneiform texts are all problematic. But the next earliest group of texts, the texts
of the ED IIla period written around the middle of the third millennium BCE,
already indicate the existence of a rudimentary, but stable, syllabary.?? The as-
sumption of a phase of rebus writing is thus merely a hypothetical construction
concerning a time period from which no texts survive. But even if such a phase
did exist, what could this explain? Why could the phonetic representation not
remove the ambiguities allegedly inherited by the syllabary? Why was the syl-
labary never made less ambiguous at a later stage? Why should a hypothetic
phase of rebus writing provide more important explanations than, for example,
the transition from the representation of the Sumerian to that of the completely
different Akkadian language, which had a proven influence on the construction of
the syllabary of cuneiform writing?

The situation is similar in the case of the development of Babylonian arith-
metic. There is a prejudice shared by philologists and historians of mathematics

22Gee Cooper in (Houston 2004, in particular 89-90).
23See Krebernik in (Bauer et al. 1998).
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that the numerous forms of historically and geographically different numerical
notations, which are characteristic of the cuneiform administrative documents,
are only different symbolic representations of an underlying, common concept of
number. This widespread prejudice materializes in transcription rules according to
which the developing numerical notations of cuneiform sources are uniquely tran-
scribed into modern Indo-Arabic numerals, or even into algebraic variables. Such
transcriptions are of no use for any attempt to reconstruct the developing mental
models underlying the development of numerical notations, which finally brought
about the sophisticated—but deficient—arithmetic of Babylonian mathematics.

Looking at the broader picture of the globalization of writing and arithmetic,
the situation is even more unsatisfactory. It is only too obvious that the spread-
ing of writing and arithmetic in the ancient Near East and its neighboring regions
resulted from various forms of cultural interaction and exchange.?* As a conse-
quence, the degree of mutual independence of the various systems and the ways
in which they developed, under specific conditions, their specific structures and
specific areas of application differed considerably between the early literate cul-
tures. Only when the different ways in which systems of writing and arithmetic
developed under existing constraints are reconstructed and explained can there be
any hope of giving a convincing answer to the more general question of how often,
and where, writing and arithmetic were created completely independently of each
other.
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Chapter 7
Globalization of Ancient Knowledge: From Babylonian

Observations to Scientific Regularities
Gerd Grafhoff

7.1 Science and Myth

Since the problem of demarcation between science and pseudoscience entered the
history of science, the issue has troubled accounts of Babylonian intellectual ac-
tivities. Astrology, magic, alchemy, divination, healing procedures and even me-
teorology seemed to flourish in the pseudoscientist camp, while only the newly
emerging mathematical disciplines such as astronomy had the distinction of being
a science.

This differentiation seems to separate two completely different intellectual
activities. While the objectives of science include the acquisition of truth and the
avoidance of errors by following methodical procedures, with reasonable decisions
being made about the appraisal of hypotheses and the acquisition of empirical
data, these goals are absent in the pseudosciences, which serve other, ideological
orientations than those of truth. Consequently, their methodology does not neces-
sitate the acquisition of knowledge and empirical observation. They do not serve
the rational control of hypothetical supposition (Koch-Westenholz 1995; Rochberg
1999, 2004). Even as late as 1989, Otto Neugebauer was still inclined to hypoth-
esize that there existed two cultures in Babylon (Neugebauer 1989, 393). Ulla
Koch-Westenholz supports the received view on the nature of Babylonian omens.
This study argues against almost all the major claims of the received view, and
may, therefore, serve as a contrasting approach; in this paper, statements labelled
as numbered “theses” aim to highlight the differences between the statements and
the following general assessment by Koch-Westenholz:

The legendary character of the “historical” omens, and the impossibil-
ity of some of the ominous events (such as the moon being eclipsed on
the 20th day), strongly suggest that whatever was the basis of Babylo-
nian divination, it was not empirical fact. Empirical observation may
have played its part, but it was not fundamental. The solution must
be sought elsewhere. Our own natural sciences are based on a premise
so simple that it is usually taken for granted: things behave according
to universally valid laws. It is our task to discover those laws, and the
means to do so is observation, supported by the controlled experiment.
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In a similar fashion, Babylonian divination is based on a very simple
proposition: things in the universe relate to one another. Any event,
however small, has one or more correlates somewhere else in the world.
This was revealed to us in days of yore by the gods, and our task is to
refine and expand that body of knowledge. The means to do so is mys-
tical speculation supplemented by observation. There is no evidence
that the Mesopotamian scholars ever attempted to verify the results
of their speculations by experiment. Nevertheless, the Neo-Assyrian
astrologers undoubtedly believed in their craft and found it confirmed
by events. For example, in Las 298, Akkullanu tells the king that “the
series says in connection with this nisan eclipse: ‘If Jupiter is present
in the eclipse, all is well with the king, a noble dignitary will die in his
place. Did the king pay attention to this? A full month has not yet
passed (before) his chief judge lay dead!” (Koch-Westenholz 1995, 18—
19)

Since we know, from the surviving correspondence, the titles, work designations
and even the salaries of the scholars who worked for the kings of the period,
one can incontrovertibly state that no professional distinction existed between the
realm of divination and the practice of scientific activities. If there had been a
methodological distinction between practitioners of astrology and divination and
those of mathematical astronomy, then it would be implausible to ascribe such a
schism to the people.

Thesis 1 No two cultures of scholars in ancient Mesopotamian societies existed,
divided by the application of methodological scientific inquiry on the one hand and
mythical reasoning on the other.

The confirmation—or refutation—of this thesis needs to take into account the
inferential treatment of an object of knowledge: if it is taken as the unequivocal
assumption about conclusions and if it carries the burden of proof, this is taken
to be a good indication that the people consider the assumption to be knowledge.
Errors in their beliefs may be possible. The question of what is knowledge or what
is known in antiquity cannot be adequately answered by reflective philosophical
statements. Neither can it be decided upon by a linguistic analysis of words such
as episteme or techne, nor even by the philosophical analysis of Plato’s view of
knowledge as justified true belief. More important is the practice of how knowledge
is established and used in a critical epistemic context.

Thesis 2 In ancient societies knowledge is characterized by the way it is estab-
lished and is used for inferential derivations, and its potential to criticize other
propositions.

This movement away from content to the function of knowledge should lead to
the classes of ancient texts being revised as either scientific or mythical according
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to modern disciplinary boundaries. Even the acclaimed distinction between mythos
and logos needs to be reassessed accordingly.

A good example of how disciplinary distinctions can mislead the systematic
interpretation of texts are the so-called astronomical diaries.! The title alone might
send someone off in the wrong direction. For instance, the diaries record not only
astronomical events, but also a large class of other equally important occurrences.
Furthermore, it is all but clear whether they were recorded and compiled in the
way that we write diary entries today. The diaries record weather phenomena
processed by the same people for the same purpose as astronomical events, even
though, in modern terms, these data belong to different realms of knowledge with
possibly different methodological treatments. Closer inspection might establish
that this group of texts is crucial to our understanding of the workings of early
science.

7.2 Empirical Basis

It has only recently been established that, as a systematic compilation of obser-
vational data, the group of Akkadian texts called the astronomical diaries, dating
mostly from the Seleucid era, is the foundation of Babylonian astronomy (Grafihoff
1997).

One oft-cited tablet of the diaries stands out on account of certain remarkable
entries. In all other respects—reported content and formal linguistic structure—it
is representative of the group of texts. The following translation and emendation
is given by Bert van der Spek. Although the beginning of the tablet, which would
include the complete date, is missing, the date can be reconstructed as year 5 of
Darius III, month 6. It then continues in the following typical schematic manner:?

Day 13 [20 September]: Sunset to moonrise: 8°. There was a lunar
eclipse. Its totality was covered at the moment when Jupiter set and
Saturn rose. During totality the west wind blew, during clearing the
east wind. During the eclipse, deaths and plague occurred.

Day 14: All day clouds were in the sky.

Day 15: Sunset to moonrise: 16°. There were clouds in the sky. The
moon was 3 2/3 cubits below [the star] Alpha Arietis, the moon having
passed to the east. A meteor which flashed, its light was seen on the
ground; very overcast, lightning flashed. [...]

Daily entries concerning astronomical or meteorological events cover the period
until the end of that month. The tablet concludes with a small section on com-
modity prices and the planetary positions in the zodiac signs for that month.

IPuyblished in three volumes, (Sachs and Hunger 1988, 1989, 1996).

2Cited after Spek, http://www.livius.org/di-dn/diaries/astronomical_diaries.html. Hermann
Hunger has a slightly different reading and amendment, cf. (Hunger and Pingree 1989, 175-179).
The content is fundamentally the same.
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That month, the equivalent for 1 shekel of silver was: barley [lacuna]
kur; mustard, 3 kur, at the end of the month [lacuna]; sesame, 1 pan,
5 minas. At that time, Jupiter was in Scorpio; Venus was in Leo, at
the end of the month in Virgo; Saturn was in Pisces; Mercury and
Mars, which had set, were not visible. That month, the river level was
[lacuna).

The sensational additional entry of this tablet reports the downfall of the empire
and the defeat of Darius III by Alexander the Great at the battle of Gaugamela:

On the 11th of that month, panic occurred in the camp before the king.
The Macedonians encamped in front of the king.

On the 24th [1 October], in the morning, the king of the world [Alexan-
der| erected his standard and attacked. Opposite each other they
fought and a heavy defeat of the troops of the king [Darius] he [Alexan-
der] inflicted. The king [Darius], his troops deserted him and to their
cities they went. They fled to the east.

This report is not only remarkable because of the events that it records. For
the dissemination of knowledge it is important to note that the reports on these
events were written after they had occurred, looking back at the end of the month.
Meanwhile, the main scholar and his colleagues compiling the diaries continued to
observe and record their observations in the traditional way. Like other new empire
builders before him, Alexander in all respects allowed the scholarly tradition to
continue, independent of the sometimes radical political and ideological changes
the new leaders introduced. From all that we know about Babylonian astronomy,
scientific practice and its results maintained their value, irrespective of contextual
cultural differences.

Thesis 3 In Mesopotamia scientific practices and knowledge acquisition persist
throughout periods of social change. Scientific knowledge remains largely unaffected
by changing cultural contexts and serves the same purpose to different users.

At first glance the events seem to have been observed in a casual way and
chronologically noted by one scholar. Yet a systematic analysis of these reports
shows that they were formally and strictly arranged for each month, so that the
entries resemble monthly reports containing systematic observations, and that
canonical guidance was provided. Letters between the kings of the period and
their scholars prove that this text group was indeed carefully assembled and that
the kind of events included was well defined. The latter does not vary as the
observers change. The organization of different observers at different places is
even an attempt to ensure that the observations were as complete as possible and
that other scholars double-checked the content. These texts systematically cover
categories of events, which were specifically selected for a theoretical task.
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Obv.

1: year 156, month xi, (the 1st of which was identical with) the 30th (of
the preceding month), sunset to moonset: 18°; measured(?) (despite of)
clouds(?) [...]

2: night of the 1st, all night very overcast; the south wind which was slanted
to the east blew [...]

3: the south wind which was slanted to the east blew. Night of the 2nd, all
night very overcast; to [...]

4: the south wind blew. Night of the 3rd, all night very overcast. The 3rd,
clouds were in the sky. Ni[ght of the 4th, (...)]

5: the moon was 4 cubits below h piscium. The 4th, clouds and thin fog
were in the sky [...]

6: in the afternoon, very overcast, the south wind blew. Night of the 5th,
clouds were in the sky; the moon was 6 cubits below a arietis,

7: the moon having passed [...] cubit to the east; all night very overcast, the
south wind blew.

Even though the observations cover six centuries, they are remarkably constant
in composition. They constitute late Babylonian empirical records, which, after
centuries of refinement, have a remarkable precision and temporal range of validity.

The signatures of the observers were not commonly recorded. In contrast to
the diaries, as Mathieu Ossendrijver showed, theoretical astronomical texts au-
thored in Uruk show the names of the tablets’ ‘owners’ and those of the scribes.
Figure 7.1 shows the temporal distribution of scholarly activities undertaken in
Uruk during the Seleucid era, the years of which form the diagram’s y-axis. A ver-
tical bar represents the time period during which scholarly activities were carried
out. The shallow (grey) bars show the scribe’s activities; the solid (black) bars
the activities of a tablet’s “owner.” Every tablet carries two names—that of the
owner and that of the scribe—which are connected in the diagram by means of
horizontal lines. The continuous (grey) background colour of the diagram shows
that the activities were undertaken by only a few families. Although in most cases
the owner and scribe came from the same family, there are notable exceptions.
A scholar always started his career as a scribe. Once promoted to “owner,” he
is never recorded as working as a scribe again. Some entries make it clear that
the ‘owner’ checked the validity of the tablet produced by the scribe. Therefore,
the main function of the owner’s name on the tablet was to take responsibility
for its validity. The system established a form of quality control at the report
and copy producing level. The diaries are one level higher: reports were collected
for the monthly reports, from which the diaries were then compiled at a central
place—the palace or the library. A critical examination and comparison of the
texts with synchronous observations were probably undertaken.
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Even when the observations were carried out by several people at different
places, their reports were collected, critically examined and synthesized into one
representative datum, which consequently lost its individual observational back-
ground. The names of the observers are no longer an indication of the tablets’
validity. Both the astronomical events as well as the summarized economic data
were gathered in standardized ways. They were not exposed to the coincidental
market observations of scholars who happened to be buying items at the weekly
market. The astronomical diaries thus record types of events that were shaped
and selected on the basis of centuries of theoretical reflection. The precise astro-
nomical meaning of the recorded events could, therefore, be decoded (Grafihoff
1997).

Thesis 4 As a source of empirical data, the astronomical diaries were systemati-
cally checked by a group of researchers. This communal effort was required in order
to obtain a comprehensive and reliable data resource. Consequently, the empirical
data therein are more than just the “protocol sentences” of individual observers.

The long-term comparison of observations made at different places and some-
times with time differences of several centuries requires that the meaning of the
terms describing the recorded events is constant and well controlled. A global
distribution of the key concepts is, therefore, a precondition for finding patterns
in the reoccurrences of natural events. If the meaning or practice of recordings
and measurements had changed over the centuries or had been given new rules,
the observational records would then have become incommensurable. As a re-
sult, ancient scholars tried to ensure that scholars were well trained and certifiably
qualified in order to guarantee a common understanding.

Thesis 5 The astronomical diaries are formal, observational recordings of momen-
tous events that took place in the fields of astronomy, meteorology, economics and
state, which were documented in the form of monthly reports.

7.3 Regularities as Scientific Hypothesis

7.3.1 First-Order Regularities

The meteorological patterns of events are self-evident and they link the major
classes of events recorded in the diaries: the fate of the state strongly depends
on the fortunes of agriculture, which depend on the weather, which changes pe-
riodically with the seasons. The latter are defined by characteristic astronomical
events, the most significant of which are the so-called heliacal risings and settings
of celestial objects: shortly before sunrise (or sunset) an object rises (or sets) and
becomes visible to the observer before the sun outshines the other objects. Stars
typically have one day in the solar year when their heliacal rising occurs shortly
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before the sun rises in the east. Therefore, they are the best indications of spe-
cific days in the year. Since planets move across the stars, they do not signify
specific dates in the solar year. Therefore, the first-order regularities of meteo-
rological events describe events that reoccur on the same date of the solar year:
spring, harvest, heavy rains and dry seasons. For Mesopotamia this works with
impressive precision. Yet even these successful regularities could be improved. The
methodology for improving regularities can be studied in the case of the history of
astronomy: lunar eclipses are an important matter and they need to be accurately
predicted. A first-order regularity would state that lunar eclipses can only occur
at full moon, or on day 12 or 13, sometimes on day 14, of the month. If taken to
be a material conditional, the regularity would be false, since we observe many full
moons without an eclipse taking place. This does not make the regularity false!
Ancient astronomers did not take these regularities to be material conditionals but
as features which express ceteris paribus regularities: under additional (often un-
known) conditions, an event will occur given its preconditions. A search for these
additional ceteris paribus conditions could prove to be particularly enlightening
about the development of early mathematical astronomy in Mesopotamia.

7.3.2 The Concept of Signs

A citation from Hermann Hunger and David Pingree lays down the standard view
of the kind of knowledge that early Babylonian scholars were seeking:

Omens can also be classified according to their predictions: some omens
concern the king, the country, or the city; others refer to private indi-
viduals and their fortunes. One thing is to be kept in mind: the gods
send the signs; but what these signs announce is not unavoidable fate.
A sign in a Babylonian text is not an absolute cause of a coming event,
but a warning. By appropriate actions one can prevent the predicted
event from happening. The idea of determinism is inherent in this
concept of sign. The knowledge about the signs is however based on
experience: once it was observed that a certain sign had been followed
by a specific event, it is considered known that this sign, whenever it
is observed again, will indicate the same future event. So while there
is an empirical basis for assuming a connection between sign and fol-
lowing event, this does not imply a notion of causality. (Hunger 1999,
5)

Though somehow empirically based, what exactly this kind of knowledge was re-
mains obscure. Signs are certainly not absolute causes (who ever said that they
were?), but what is the epistemology of a “warning”? Ancient scholars undoubt-
edly wanted to obtain knowledge about the connections between certain events,
so that they could intervene and perhaps prevent an otherwise probable future
event from occurring. Medical doctors find themselves in the same diagnostic and
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therapeutic situations: symptoms are analyzed in order to deduce unknown causes
for illnesses, which hopefully can be cured or even prevented from happening. Yet
this would only work if causal interactions were presumed, which is precisely what
the Babylonians did for all kinds of regularities.

Thesis 6 In Babylonian scholarship there is no methodological difference between
causal reasoning, which aims to obtain knowledge about causal reqularities, and
causes that are indicated by signs. This applies to all kinds of domains of knowl-
edge—from medical and meteorological to economical and astronomical knowledge.

AHBHHZC F
. Y
Sign
Event

Figure 7.3: An epiphenomenal causal diagram for signs and effects.

The reason for the widespread misunderstanding of early empirical science is the
following interpretation of expressions of regularities:

Almost all omens are formulated as conditional clauses, “if x happens,
then y will happen.” The first part is called the protasis, the second
part the apodosis. (Hunger 1999, 5)

It is common opinion that the logical form of omens, like many other Akkadian
sentences that express regular occurrences, has the logical form of a material con-
ditional: if-then relations are logically false only if the antecedent is true and the
consequent false.

Yet, a number of different meanings could be read from the grammatical form
of the construction, which starts with the word Summa, and is followed by the
antecedent or protasis and then by a consequent (apodosis):
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1. material conditional: “if socrates is a philosopher, then he is a wise man.”
2. definitional assignment: “if he is a bachelor, he has no wife.”
3. causal regularity: “if you strike the match, it will light.”

4. decisional sentence: “if you obey, you will succeed.”

For the interpretation it is sufficient to study the use of such regularity expressions
in order to determine their meanings.

Thesis 7 Ezxpressions of reqularity in early science denote complex causal struc-
tures such as epiphenomena.

7.3.3 Rules of Inference

In A Babylonian Diviner’s Manual, an ancient text edited by Leo Oppenheim,
some rules of inference are articulated for the ancient scholar:

The signs in the sky just as those on the earth give us signals. [...]
Their good and evil portents are in harmony [i.e., confirming each
other]. The signs on earth just as those in the sky give us signals.
Sky and earth both produce portents; though appearing separately,
they are not separate [because| sky and earth are related. A sign that
portends evil in the sky is [also] evil on earth, one that portends evil
on earth is evil in the sky. When you look up a sign [in these omen
collections], be it one in the sky or one on earth, and if that sign’s evil
portent is confirmed, then it has indeed occurred with regard to you
in reference to an enemy or to a disease or to a famine. Check [then]
the date of that sign, and should no sign have occurred to counteract
[that] sign, should no annulment have taken place, one cannot make [it]
pass by, its evil [consequences] cannot be removed [and] it will happen.
(Oppenheim 1974, 203-205)

The following list of regularities is grouped according to phenomena. It is clear
that the finding of regularities is an empirical question. The protasis is described

as:
(25)  “if the sky is constantly covered with a haze”

(26)  “if after the sun has moved higher,
a star shoots and comes to a stop in front of it”

(27)  “if the planet Venus becomes stationary in the morning
and its critical dates”

(28)  “if the planet Mars which has seven names is seen
on the day of (its) opposition”

(29)  “if the opposition of moon and sun”
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(30)  “if the first visibility of the moon and its ‘tiaras’ ”
(31)  “if the moon is constantly surrounded by a halo
from the first to the fifth (var. thirtieth) day”
(32)  “if a star is seen that has a crest in front and a tail behind
and the sky turns light”
(33)  “if Adad sends lightning and his ‘hand’ is seen together
with the lightning”
(34)  “if the constellation Pegasus is seen in the month Nisannu”
(35)  “if a rainbow that is curved like the intestine(s) is seen in the sky”

The diviner’s manual predates the diaries. Its author does not disclose how

empirical records or observations should be evaluated in order to obtain regulari-
ties. Yet, it is made clear in the following passage that regularities are not material
conditionals. Rather, they are to be communicated in such a way that additional
unknown causal factors are taken into account and because of which a predicted
event might not occur.

It is important that all regularities are temporally determined. Therefore, all
regularities are intrinsically linked to time periodicities, which are determined by

(47-52) These are the things you have to consider when you study the
two collections [called] “if from the month Arahsamna on” [and] “if
a star has a crest in front.”” [when] you have identified the sign and
[when] they ask you to save the city, the king and his subjects from
enemy, pestilence and famine [predicted] what will you say? when they
complain to you, how will you make [the evil consequences] bypass
[them]?

astronomical periods.

The last sentence serves as a warning (and encouragement) to scholars to practise
according to scientific standards (although it is not called that). “Perfectly” in

(53-63) In summa twenty-five tablets with signs [occurring] in the sky
and on earth whose good and evil portents are in harmony you will
find in them every sign that has occurred in the sky [and] has been
observed on earth. This is the method to dispel [them)]:

(57-63) Twelve are the months of the year, 360 are its days. Study the
length of the year and look [in tablets] for the timings of the disap-
pearances, the visibilities [and] the first appearance of the stars, [also]
the position of the Tku star at the beginning of the year, the first ap-
pearance of the sun and the moon in the months Addaru and [...] Flu,
the risings and first appearances of the moon as observed each month;
watch the ‘opposition’ of the Pleiades and the moon, and [all] this will
give you the [proper] answer, [thus] establish the months of the year
[and] the days of the months, and do perfectly whatever you are doing.
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this context means that the scholar should make his observations according to
standards, that is, according to reliable traditional practices and instructions. By
concluding the text in this fashion, the author also makes it clear that perfect
execution is something that can be verified by the community. Indeed, there exist
a number of texts in which reports made by different scholars on the same events
are critically compared.

Some of the observations recorded in the diaries are clearly derived from reg-
ularities—they are noted as such (“nu pap”)—which indicates that there was a
need for a complete or nearly complete set of observations. This was especially
important for establishing the reliability of causal inferences—if one wants to en-
sure that regularities with no or only a few exceptions were recorded in the past.
A complete set of observations is again vital when it comes to time recording, since
everything that ensues depends on the proper recording of events in relation to
the genuine astronomical time scale:

(64-65) Should it happen to you that at the first visibility of the moon
the weather should be cloudy, [the water clock(?)] should be the means
of computing it, should it happen to you that at the disappearance of
the moon the weather should be cloudy, the water clock[?] should be
the means of computing it.

This is also valid when it comes to making weather prognostications. The following
text is particularly interesting, since it contains instructions on how to obtain rules
for forecasting the weather, rules that also apply to other meteorological texts:

[...for rain and flood] water do you have a prediction.

[...] month Ajjaru; for Jupiter 72, 24 (or) 12 years;

[for Venus] 16 (or) 8 years; for Mercury 46, 21 (or) 13 years;

[for Mars| 47 years; for the sun 36 (or) 54 years;

for the moon 18 years.

5 [so much earlier] it was too early, it will be too early (also) now;
so much earlier it was too late, it will now be too late (also).

6 [so much earlier] there were clouds, there will be clouds (also) now;
so much earlier there was thunderstorm, there will thunderstorm
(also) now.

7 [much] earlier there was heavy rain, there will be heavy rain
(also) now; so much earlier ...it was, it will be ...now.

8 [much] earlier ...it was, is will be ...now;
so much earlier it was downpour, it will be downpour (also) now.

9 [much] flooding was during Adad, it will be flooding during adad

(also) now; predict mass flood.

1
2
3
4

The above rules assume a principle of determinism in conjunction with as-
tronomical periodicities, which always takes into account that additional factors

3Edited by Hermann Hunger.
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on the conditional part are necessary for the future event is to occur or fail to
occur. The text is made up of three parts: astronomical periods, then the state-
ment that some constant time shifts can be applied, concluded by the enlisting
of weather phenomena of increasing importance. This is a schema to build regu-
larities of weather prognostications that work as well as schemes for astronomical
predictions.

Thesis 8 The text of the diviner’s manual contains instructions on how to make
empirically valid weather prognostications.

7.3.4 The Construction of Causal Regularities

There exists an information flow schema that closely follows the instructions of
these and similar tables.
1. The empirical basis is a chronological record of suspicious signs and events,
with characteristically first-order regularities.

date; event;
do signy
ds Signs
dy signs
ds events

2. correlations: date;[sign, and signs] — event;
3. periodicities: date; + period[sign; and signs] — eventy
4. sign periodicities: date; + period — [signi and signs)

The methodology of the functional understanding of these regularities follows those
of causal reasoning (Grafihoff and May 2001; Grahoff and Baumgartner 2004).

Thesis 9 The application of the rule of causal reasoning generated knowledge
about the correct regularities concerning astronomy, medicine, meteorology and
other epiphenomenal structures.

Once the empirical content of the diaries had been decoded, the question of
the origin and development of Babylonian astronomy could be newly formulated.
Otto Neugebauer participated in this reappraisal in the last two years of his life.
Noel Swerdlow (1998) attempted to explain the genesis of planetary theory from
the kind of observations that are recorded in the diaries, while the most plau-
sible reconstruction of lunar theory was published by Lis Brack-Bernsen (1993;
1997). As early as the sixth century BCE, the first schematic calendars, in which
astronomical regularities were employed, came into use. However, we still lack a
comprehensive picture of the genesis of later Babylonian astronomy.
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The transmission of knowledge in antiquity was first surveyed by Neuge-
bauer in 1945 (Neugebauer 1945). It is now clear that, during the Babylonian
period, knowledge was disseminated to all neighbouring cultures without under-
going change; its superiority was incontrovertible. The analysis of the diaries and
their pivotal role as the empirical basis for various branches of the sciences in an-
tiquity are also evidence that science was, already then, a global enterprise: even
empirical knowledge by this time assumed well-established public criteria of those
events that were the subject of scientific inquiry. Thus, in conclusion each datum
in the diaries possesses generality, independent of places, cultures and contexts.
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Chapter 8
The Creation of Second-Order Knowledge in Ancient Greek

Science as a Process in the Globalization of Knowledge
Mark Schiefsky

Between 600 BCE and 200 CE Greek philosophers and scientists developed a
number of second-order concepts that exerted a massive influence on the devel-
opment of our modern global science. These include the notion of mathematical
proof (exemplified by Euclid’s Elements), geometrical models of the heavens with
quantitative predictive power (Ptolemaic astronomy), and the idea that medical
treatment must be based on an explanatory theory of the cause and cure of dis-
ease. The primary question addressed in this paper is this: in what sense can the
creation of these concepts or “images of knowledge” (Elkana 1986) be viewed as
part of a long-term process of the globalization of knowledge?

The ancient Greeks traced the origin of many aspects of their culture to the
neighboring civilizations of Egypt and the Near East. Yet modern scholarship has
often been reluctant to adopt such a perspective. That the Greeks had ample
opportunity for contact with neighboring cultures in the Hellenistic period and
thereafter is clear. In the aftermath of Alexander’s conquests Greek culture be-
came dominant across the Mediterranean world, even if the precise character and
limits of Hellenization varied from place to place (Momigliano 1975). But the
case for widespread cultural contact and its impact during the formative period
of Greek culture has only recently begun to be made systematically on the basis
of archaeological and linguistic evidence (Burkert 1992, 2004). The evidence for
connections is early and extensive. In the eighth century BCE a most important
instance of cultural diffusion took place when alphabetic writing, which had been
developed in Phoenicia, was adapted to the Greek language. Motifs with close
near Eastern parallels can be discerned in both the art and literature of the pe-
riod. The migration of specialized practitioners or craftsmen supplies a plausible
mechanism for much of this diffusion. The spread of techniques such as ivory
carving and bronze working testifies to close apprenticeship between Greeks and
eastern craftsmen (Burkert 1992, 22). Artistic representations and linguistic ev-
idence both support the theory that divination spread from Mesopotamia to the
West, presumably as a result of the migration of expert practitioners (Burkert
1992, 46-53).

The upshot of this work has been to change the terms of the debate: the
burden of proof is now on those who would deny that contact with neighboring
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civilizations contributed in a significant way to the Greeks’ distinctive cultural
achievements. Yet it also raises a challenge to define more precisely the modalities
of cultural influence, which have too often been conceived of as a matter of simple
“borrowing” or “transmission.” In examining the history of science it is also impor-
tant to distinguish between different kinds of knowledge: to say that metalworking
techniques spread from the Near East to the Greek world is one thing, but to claim
that Euclidean geometry was adopted from Egypt quite another. In what follows
I would like to offer a general characterization of the impact of cultural contact
on the development of Greek science based on a distinction between two kinds of
knowledge and two modes of cultural diffusion.

1. First-order and second-order knowledge. First-order knowledge is knowledge
about the world, whether theoretical or practical in orientation; it may be a
knowledge of how things are, or a knowledge of how to do or make things.
By second-order knowledge I mean knowledge that derives from reflection on
first-order knowledge: for example, a method for generating new procedures.
Second-order knowledge is also an “image of knowledge” insofar as it sets out
a conception or norm for what knowledge is in a particular domain. The idea
of mathematical proof is a paradigmatic second-order concept, since it in-
volves a specification of the conditions under which mathematical assertions
can be accepted as true.

2. Modes of diffusion. 1 distinguish between diffusion through borrowing, in
which a cultural product is transmitted from one culture to another more or
less unchanged, and stimulus diffusion, in which the exposure to a product
of one culture stimulates a parallel development in the other. As a modern
example of the latter A. Kroeber, who coined the term “stimulus diffusion,”
cites the way in which the import of Chinese porcelain to Europe prompted
Europeans to engage in a systematic search to find the materials and dis-
cover the procedures to replicate it (Kroeber 1940). In such a case there is
clearly cultural influence, which may even be essential for the invention in
the receiving culture: Europeans might never have had the idea to create
porcelain, had they not seen the Chinese examples. But there is no simple
transmission of knowledge.

My main argument is twofold: first, insofar as borrowing played a role in the
development of Greek science it was generally limited to first-order knowledge;
second, the notion of “stimulus diffusion” is helpful for understanding the devel-
opment of second-order knowledge in Greek science. The spread of craft products
and specialized practitioners tended to transmit first-order knowledge of methods
and procedures, not second-order knowledge of how those methods were found.
In that sense the Greek forms of second-order knowledge are distinctively Greek
achievements. But the enrichment of first-order knowledge prompted by cultural
contact contributed to their development in ways that may well have been es-
sential to stimulating critical reflection. This is so in two ways: by augmenting
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the base of first-order knowledge, and by presenting specific examples or results
that called out for explanation and reflection. As Aristotle observed, wonder is
the origin of philosophy, and the Greeks certainly experienced wonder when con-
fronted with the achievements of the much older civilizations of Egypt and Babylon
(cf. Herodotus). Such wonder, I am suggesting, was an important factor in the
development of second-order knowledge in Greek science.

Two preliminary points are crucial. First I do not claim that the Greeks invent-
ed second-order knowledge, or that the specifically Greek forms of second-order
knowledge are the only such forms. Second-order knowledge can develop wher-
ever there is substantial reflection on methods or procedures, and such reflection
is present in many cultures and many contexts (Elkana 1986). My concern is
with the development of specific kinds of systematic second-order reflection in the
Greek context. Second, my reason for emphasizing these forms of second-order
knowledge is their enormous influence on the subsequent development of science.
I do not mean to suggest that the history of science is limited to a history of
second-order knowledge, nor that these are the only forms of such knowledge that
were influential.

With these points in mind I now turn to a brief examination of four related
areas of Greek science in which contact with foreign cultures played an important
role: cosmology, mathematics, medicine and astronomy. My discussion makes no
claim to comprehensiveness. Its goal is the much more limited one of exploring how
the distinctions I have set out above can provide a useful framework for analyzing
the development of Greek science as a process in the globalization of knowledge.

8.1 Cosmology

By “cosmology” I mean a more or less systematic account of the structure of the
world and the place of human beings in it. In this sense cosmological thought is a
feature of the mythology and literature of almost all cultures, including of course
ancient Mesopotamia and Egypt as well as Greece. But the type of cosmological
thought that developed between the sixth and fourth centuries BCE in ancient
Greek culture is quite different from what came before. Three features of these
systems are important for present purposes.

1. First, these Greek cosmologies offer a certain kind of explanation of the uni-
verse. They typically seek to reduce the diversity of observable phenomena to
the interaction of a small number of factors, which behave in consistent ways
in a wide variety of contexts. And they are “rational” in the sense that they
are supported by explicit reasons and arguments. For example, Anaximenes
explains all physical transformations by condensation and rarefaction, and
offers evidence (the behavior of breath exhaled from the mouth) that heating
and cooling can be reduced to those processes.

2. Second, early Greek cosmologies typically envision the large-scale structure
of the universe in terms of geometrical models with a high degree of sym-
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metry. For example, Anaximander conceives of the sun, moon and stars as
apertures in a set of concentric rings, which are supposed to explain phe-
nomena such as eclipses and the phases of the moon.

3. Finally, analogies with various crafts are an important source of both the
particular explanations and the geometrical models characteristic of this
tradition. Thus Anaximander’s cosmic rings are likened to wheels, while
Anaximenes likens condensation and rarefaction to the production of felt
from wool.

The earliest Greek cosmologies are an example of first-order knowledge; they
attempt to set out images of the world rather than images of knowledge. Yet in
their emphasis on systematic, reductive, and general explanation they represent a
new kind of first-order knowledge that is quite different from anything to be found
in ancient Mesopotamia or Egypt. Whatever parallels there may be between
the cosmic geography in a Babylonian text and some Greek system are not as
significant as the context in which such a system is embedded: they are, at most,
a kind of “scaffolding” (Livingstone 1986; Burkert 1992, 66—-69). As Rochberg

writes:

Mesopotamian cosmologies are reflected in texts whose goals were as-
suredly not to construct a definitive cosmic picture to serve as the
framework for inquiry about natural phenomena. (Rochberg 1993, 51)

That, of course, is precisely what the Greeks were doing. Yet it is surely no
accident that this particular tradition in Greek thought begins in Miletus, at the
heart of the cultural crossroads that was Asia Minor in the sixth century BCE.
Through Parmenides’ critique in the early fifth century BCE Greek cosmological
thought becomes second order, as explicit standards for the validity of cosmological
accounts and arguments are developed and articulated. But this critique of course
presupposes the existence of the earlier systems.

8.2 Mathematics

A distinctive achievement of early Greek mathematics is the development of the
second-order concept of proof, which implies analysis of the conditions under which
mathematical assertions can be accepted as true. While a concern with proof is
the hallmark of Greek mathematics as represented by authors such as Euclid,
Archimedes and Apollonius, it is not a feature of all Greek mathematical knowl-
edge or even all Greek mathematical texts. Texts such as Heron of Alexandria’s
Metrica (probably first century CE) testify to another type of Greek mathematical
knowledge, one concerned with practical problems of calculation and mensuration
rather than deductive proof. Such texts may reflect the diffusion of much older
techniques from the near East (Neugebauer 1957; Hgyrup 1996). While there is
very little direct evidence, knowledge of basic arithmetic and calculation tech-
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niques may well have spread to the early Greek world from the ancient near East
(Waschkies 1989).

My main concern here is with the notion of mathematical proof as we find it
in Euclid’s Elements, which developed between the beginning of the sixth and end
of the fourth centuries BCE. Since we have almost no Greek mathematical texts
from this period, any reconstruction of these developments is unavoidably specula-
tive. What we can do is compare the Elements itself with the extraordinarily rich
sources for Babylonian mathematics that date from the third millennium BCE to
the Seleucid period. Recent work has demonstrated the existence of significant
second-order reflection and cognitive development over the course of this long tra-
dition. In particular, the development of the sexagesimal system at the beginning
of the second millennium opened up new conceptual possibilities that led to sig-
nificant changes in mathematical practices (Damerow 2001). Though the texts’
characteristic mode of presentation is that of problems to be solved, in many cases
the “problems” considered do not correspond to any real-world situation, and are
clearly generated by second-order reflection on the standard procedures. But it
also seems clear that these developments were very different from those that took
place in Greece; moreover the second-order reflection in the Babylonian tradition
remained largely implicit in the written sources, making its transmission much
more difficult.

The case of the Pythagorean theorem illustrates the problematic nature of any
claim of a straightforward transmission of Babylonian mathematics to the Greeks.
That the mathematicians of the Old Babylonian period “knew” the Pythagorean
theorem is a widespread claim that goes back to the pioneering work of Otto
Neugebauer in the early twentieth century; sometimes it is said that they “knew”
the theorem but could not “prove” it. But on closer examination this apparently
straightforward claim goes to the heart of the differences between Euclidean and
Babylonian mathematics (Damerow 2001). While a number of early texts attest
to the scribes’ recognition that the Pythagorean relationship can be applied in
the solution of certain problems, there is no evidence of any recognition that
the relationship holds only under certain conditions (i.e. only for right-angled
triangles). Rather, the necessity of the relationship within the Babylonian context
follows from principles that are quite different from those that underlie Euclidean
geometry. Moreover, a close analysis reveals that contexts in which it would be
reasonable from the modern (and also Euclidean) perspective to infer that the
scribes had knowledge of the theorem in its full generality can be explained in
other ways (Damerow 2001). Similar observations apply a fortiori to the claim,
widespread in mid-twentieth century scholarship, that the Babylonians developed a
kind of algebra that was somehow transmitted to the Greeks and then reformulated
in geometrical terms (the so-called “geometrical algebra” supposedly exemplified
in Book 2 of the Elements). Recent work by Jens Hgyrup has shown that much of
Old Bablyonian mathematics can itself be characterized as a kind of “geometrical
algebra” insofar as it relies on geometrical visualization to compute relationships
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between lines, widths and surfaces (Hgyrup 2002). Diagrams played an important
role in Babylonian mathematical practice, as even a cursory examination of the
cuneiform literature shows. Yet the Babylonian and Greek traditions make use
of diagrams in quite different ways, and a close comparison with Euclid reveals
more differences than similarities. Whereas Babylonian mathematics is focused
on measurement and calculation the Greek texts eschew any mention of numbers;
and the inductive character of Babylonian mathematics, in which generalizations
are inferred from the solutions to specific problems, is opposed to the Euclidean
practice of inferring general conclusions from explicit axioms (Robson 2008, 274
284; Rudman 2010, 195-211). Aside from the general similarity of subject matter,
there are few close affinities between the two traditions.

The factors that drove the development of the notion of proof in the Greek
context seem to have been quite different from those which stimulated critical
reflection in the Babylonian scribal schools. They include:

1. the development of new mathematical concepts including incommensurabil-
ity, which both reflected and called for analysis of the conditions under which
they held of mathematical objects;

2. the rapid increase in the number of mathematical results discovered by the
investigation of such concepts;

3. the development of a new kind of notation in which letters of the alphabet
are used to refer to geometrical entities in the diagrams;

4. the possible impact of an emerging concern with second-order knowledge in
the cosmological tradition in the wake of the Parmenidean critique (Szabo
1978).

An additional factor may have been familiarity with some of the results of
Babylonian mathematics as transmitted by practitioners. For example, a Baby-
lonian school-text (BM 15285) contains a series of diagrams illustrating an argu-
ment strikingly similar to the famous passage on “doubling the square” in Plato’s
Meno (82-86) where Socrates leads a slave boy to recognize a special case of the
Pythagorean theorem (Damerow 2001, 240-243). Mathematical knowledge as ex-
pressed in diagrams of this kind could have been transmitted relatively easily and
might have stimulated the Greeks to develop their own accounts of the conditions
under which such results could be said to hold. Still, it is important to note that no
concrete evidence of such transmission is at hand, and the possibility of influence
via stimulus diffusion remains entirely circumstantial.

8.3 Medicine

I shall concentrate here on early Greek medicine as represented in the texts of the
Hippocratic Corpus, a collection of writings by various authors dating largely from
the fifth and fourth centuries BCE. These texts vary widely in their approach to
medical theory and practice. Some of them display a number of features in com-
mon with Mesopotamian and Egyptian medical texts in regard to both form and
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content. The treatise On Diseases 2, for example, consists of a catalog of dis-
eases indicating the signs by which they can be recognized and the appropriate
treatment. There are affinities between the therapies mentioned in Greek texts
and earlier material (Goltz 1974; Geller 2010). Further affinities have been noted
between Greek concepts such as “breath” and “phlegm” and Babylonian notions
(Geller 2007), as well as between the Greek notion of “residues” and the patho-
logical agents of Egyptian medicine (Steuer and Saunders 1959). Greek doctors
travelled widely over the ancient Mediterranean world, with some (e.g., Democedes
of Croton) ending up at the Persian court. Egypt is known as a land famous for
drugs as early as Homer’s Odyssey. There is thus no reason to reject the notion
that the first-order knowledge base of Greek doctors was significantly enriched by
contact with the medical traditions of the Near East and Egypt.

But we can also identify in the Hippocratic texts a concern with methodolog-
ical reflection that is not present in the material from the neighboring cultures. In
particular, the conception of medicine as a form of expertise (techné) that has a
basis in explanatory theory is developed by some (though by no means all) of the
Hippocratic writers. This development was a result of several interacting factors.
The impulse toward highly reductive explanation that can be traced in early cos-
mological thought had its impact on medicine, as the cosmological theorists tended
to speculate on the construction of the human body or the causes of health and
disease. The impact of this approach can be detected in a variety of Hippocratic
treatises, and prompted the development of new methodological theories drawing
on medical experience (Schiefsky 2005). Within the medical tradition itself we
can trace a rapid growth in the extent of first-order medical knowledge; this is
exemplified by texts like the Hippocratic Epidemics, which contain case histories
of disease collected by practitioners in their travels around the Greek world. The
Epidemics testify to an ongoing engagement with the problem of relating general
rules to particular cases, for as well as individual case histories they also contain
an extensive body of prognostic and therapeutic generalizations that are closely
related to the material in what is perhaps the most representative and influential
Hippocratic text of all, the Aphorisms. The geographical range of the Greek doc-
tors also prompted reflection on the conditions under which generalizations such
as those expressed in the Aphorisms could be considered valid, for a rule that held
under one set of climatic or geographical conditions might not hold elsewhere.
The important early treatise Airs, Waters, Places, for example, sets out a general
theory of the effects of environmental factors on human beings, and incorporates
it into a wide-ranging ethnographic discussion of foreign lands and peoples. Simi-
larly, the treatise Prognostic ends by saying that the prognostic “signs” it sets forth
will be valid everywhere, not just in certain locales. Reflection on geographical
variation and individual differences stimulated the development of general theories
of the working of humoral factors such as phlegm and bile, which were supposed
to explain the effects of the environment on all individuals wherever they might
be located, and whatever their constitution might be.
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Thus in medicine, as in mathematics, reflection on the conditions under which
certain generalizations held stimulated the drive toward theoretical justification
and the clarification of basic concepts. The Hippocratic texts themselves amply
document this critical reflection, and there is no reason to think that it was the
result of borrowing or transmission from Egypt or Mesopotamia. The major im-
pact of the Greeks’ longstanding contact with the medicine of those lands seems
to have been an enrichment of the stock of first-order medical knowledge possessed
by the Greek doctors: knowledge of therapies, procedures, techniques. This was
by no means insignificant. Insofar as procedures worked, or were thought to work,
they became a reliable starting point for reflecting on why they worked.

8.4 Astronomy

The crucial development is that of the astronomical model as a geometrical rep-
resentation that can be matched to observational data so as to yield exact quan-
titative predictions. The development of the so-called “two-sphere” model, with
the spherical earth inside a spherical heaven that rotates once a day, is securely
attested by the middle of the fourth century BCE; this explained a wide variety
of observations of the movement of the sun, moon and stars (Kuhn 1957). The
precise stages of its development are obscure, but a plausible case can be made
that reflection on the nature of technical instruments and procedures played an
important role, as in other areas of early Greek cosmology (Szab6 1992). By
the middle of the fourth century BCE, we have evidence of a geometrical model
(Eudoxus’ theory of concentric spheres) that was clearly intended to represent
the more complex features of planetary motion. Though this was a remarkable
display of geometrical ingenuity that provided a qualitative explanation of phe-
nomena such as retrograde motion, it is unclear whether it was intended to yield
exact quantitative predictions.

Mathematical modeling of planetary phenomena with the goal of exact predic-
tion arose first in Babylon, and reached the pinnacle of its development during the
Seleucid period (Neugebauer 1957). Instead of constructing geometrical models of
the cosmos, the Babylonians used combinations of arithmetical sequences to model
the recurrence of phenomena such as the beginning or end of a planet’s retrograde
motion. The Babylonian approach aims at determining the time of recurrence
of these periodic phenomena, while the Greek geometrical models allow the de-
termination of planetary longitudes at any given time. The sophisticated models
of Seleucid-era Babylonian astronomy were clearly the fruit of much second-order
reflection. Procedures had to be developed for the modification of arithmetical
schemes to fit observational data; a key technique is the isolation of variation in
one phenomenon so that the variation in another can be studied (Neugebauer
1945; Swerdlow 1998). But the second-order reflections associated with these de-
velopments are not expressed in the texts themselves. Indeed even the methods
used to generate the predictions are not normally expressed; most of the texts are
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ephemerides from which the methods of computation (and a fortiori the general
development of these methods) must be laboriously reconstructed. The scribes
do not seem to have committed their methods to writing; nor did they record
whatever ideas they may have had about the meaning or general significance of
the periodicities that their work so accurately represented.

The spread of these Babylonian methods across the Greek-speaking Hellenis-
tic world is the most well-documented and extensive case of the transmission of
scientific knowledge in the ancient Mediterranean world. That Hipparchus i